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From 9-11 April, 1994, the Aquatic Ecology Laboratory Class (FW462) of Utah State 
University sampled the upper reaches of Lake Powell to assess if a trophic gradient 
existed. We 'ampled physical and chemical parameters (temperature, oxygen, 
conductivity, and total phosphorus), phytoplankton chlorophyll a, littoral and pelagic 
zooplankton biomass and composition, littoral and profundal benthic invertebrates, and 
fish abundance measured in the littoral zone (gill nets) and the pelagic zone 
(hydroacoustics). Data was collected along the upper 50 miles of the reservoir 
between Bullfrog and the Hite marina near the Colorado River inflow. 
Our field trip was done just prior to the period of spring runoff from the Colorado 
River. Consequently, strong gradients in turbidity, nutrients, plankton and fishes were 
only evident in the area near Hite. This report contains the consolidated, unedited, 
reports done by students in the class. 
LAKE POWELL RESEARCH REPORT 
PHYSICAL AND cHEMICAL GRADIENfS 
UTAH STATE UNIVERSITY 
FW 462 SPRING 1994 
SCOTT HAWXHURST 
During the fieldwork on which our 1994 FW 462 class conducted 
on Lake Powell (from April 9 through April 11) to study the many 
aspects of Lake Powell's trophic gradients, I looked specifically 
at the waters' physical and chemical gradient along the lake's 
length from approximately the lake's midway point near Bullfrog, 
Utah, to the inlet of the Colorado River near Hite, utah. In all 
cases, it was hypothesized that there would be a definite gradient 
in measurements from the lake's approximate center to the main 
inlet of the Colorado River,· approximately 47 miles to the 
northeast. This data may be used in conjunction with information 
gathered by the Park Service, the u.S. Fish and Wildlife Service, 
and US Bureau of Reclamation toward their research on the 
endangered razorback sucker, Xyrauchen texanus. 
INTRODUCTION 
Physical gradients tested included turbidity, light 
transparency profiles, temperature, and dissolved oxygen 
concentrations. Chemical gradients analyzed included conductivity 
profiles anti total phosphorus concentrations. 
According to the data from the 1992 FW 462 class's work on 
Lake Powell a-nd other similar investigations (Sollberger et al 
1989, Gloss et al 1980), the following hypotheses were assumed for 
each data set. 
Turbidity: Because the Colorado River is inherently turbid, it was 
hypothesized that high turbidity levels would be recorded at the 
mouth of the river. Gradual settling of the sediments into the 
slower moving, deeper water of the reservoir should result in a 
fairly rapid increase in water clarity as samples were taken toward 
the dam. 
Light Pro ~ iles: Light transparency was assumed to decrease 
exponentially as depth increases. Also, a decrease in the light 
penetration as turbidity increased nearer the mouth of the river 
was expected. 
Temperature Profiles: Temperature profiles taken near the center 
of the lake was hypothesized' to appear similar to that of a 
dimictic lake in that there should be a definite thermocline a few 
meters below the surface. Closer to the river's mouth should 
reveal a breakdown of the stratified layers due to the higher water 
velocity at that location. 
Dissolved oxygen Prof iles: These readings, again, should have 
followed that of a dimictic lake with readings moving toward anox~c 
in the profunda 1 zone. An overall increase in D. o. should occur 
with the mixing of the water near the inlet. 
conductivity Profiles: Conductivity near Rite should be low due to 
the great 'influx of fresh water from the Colorado River. An 
increase in conductivity should occur as river water is gradually 
mixed with that of Lake Powell and then maintain a fairly stable 
level at the tail end of the transitional zone. 
Phosphorus (Total): Phosphorus readings should be higher in the 
riverine zone of the reservoir where nutrients have not had a 
chance to settle out from being washed down from the watershed. 




expected when taking samples from mile 89 toward mile 141. 
METHODS 
To evaluate the above hypotheses the following test's were 
conducted for each parameter. 
Transparency: Transparency was evaluated by the use of a 20 cm 
Secchi disc. The disk was lowered into the pelagic zone of the lake 
on the sunny side of the boat as near to midday of the lake as 
possible. Secchi depth were determined by taking the average of 
when the disc disappeared from view when it was lowered and when it 
reappeared as it was raised. At. several locations (miles 128, 130, 
134, and 138) two readings were taken and the mean of those 
readings were used as data points. Data was collected at 
approximately every three to six miles along the lake's gradient. 
High winds making the water surface choppy at several locations, 
from mile 89 to mile 99, made accurate secchi readings 
questionable. 
Light Profiles: Light profile data was collected at eight 
locations (with more emphasis being placed on the upper section) 
beginning near Bullfrog, Utah. ALi-Cor Li-1000 radiometer was 
used to obt~in measurements in microeinsteins/m2-sec. Underwater 
values received from a photocell (sea cell) were compared to a 
photocell mounted on the boat's deck (deck cell) recording ambient 
light levels. The depth of the sea cell was graphed against the 
percent surface light on a log scale to determine the point of one 
percent light attenuation (the photic zone) (Figures 2a-2h). The 
natural log of the percent surface light was determined and a 
regression with that data was run against depth (Z) (see Appendix 
B) • 
Temperature Profiles: A YSI model 58A meter was used to record 
temperature profiles in ten locations. The probe was lowered to 
just under the water's surface to take the first reading and 
subsequent readings were recorded at fairly frequent intervals (one 
to three meters) until after the thermocline was past. The 
remainder of the temperature readings were spaced further apart. 
At mile 141, where no thermocline was expected, temperatures were 
recorded every meter. 
Dissolved Oxygen Profiles: oxy~en profiles were taken in a similar 
manner as the temperature profiles due to the D. o. and temperature 
probes located on the same YSI instrument. 
Conductivity Profiles: Water was taken from near the surface and 
at fairly even intervals in depth so that five samples for each 
profile were gathered. A Van Dorn sampler was used and 
approximately 100 ml of its contents was placed in whirl paks and 
kept in a cooler until returning to the University. Water samples 
were then measured with a conductivity meter which read data at 
mS/cm. Total dissolved solids were also measured with the same 
instrument., A regression was then run with conductivity vs. total 
dissolved solids (Appendix D). Because of the limited amount of 
data, graph interpretation was difficult (Figure 4). A more 
accurate means of determining the conductivity profile would be to 
measure more frequently along the gradient as well as greater 
frequency through the water column. 
Total Phosphorus: Water samples were collected through the first 
six meters of the water column at four locations (miles 89, 110, 
( I 
130, and 141) with a tube sampler. 250ml acid washed polyethylene 
bottles were filled at each location for total phosphorus and 
soluble reactive phosphate testing (SRP results not included in 
this report). All samples were then frozen using dry ice until 
they could be analyzed at the lab using standard USGS protocol for 
phosphorus. Regressions were run using standard solutions of 0, 
50, 100, 150, and 200 ug/L phosphorus against corrected absorbance 
(see Figure 6 and Appendix D) to check accuracy. Total phosphorus 
was then plotted against lake mile (Figure 5) to determine existing 
gradients. 
Suspended Sediments: One liter containers were filled with lake 
water just under the surface at miles 104, 121, 134, and 141. 
These samples were transported back to the lab, vacuumed through a 
1.6 um glass filter and dried overnight in an oven at 78 degrees C. 
Filters were then weighed and weight was recorded to the nearest 
.0001 gram (Appendix F). 
Results 
Temperature graphs from mile 89 to mile 125 (Figures 1a-1f) 
reveal somewhat of a thermocline common in dimictic lakes, although 
perhaps a bit unusual for so early in the year. Consistent with 
Sollberger (1989), thermoclines increased in depth as we moved 
towards the mouth of the Colorado River. After mile 125 (Figures 
19-1j) any apparent thermocline became non-existent. 
Dissolved oxygen (shown on the same graphs) did not appear to 
show the usual characteristics of a dimictic lake. In all cases 
oxygen levels remained quite high, never reaching an anoxic state. 
This, again, was probably due to measurements taken early in the 
season not, long after lake turnover. 
Light transparency remained very consistent from mile 99 to 
mile 138 (Figures 2a-2g). At mile 141 (Figure 2h) a dramatic 
decrease in depth at which the one percent light level reached was 
apparent. This decrease in light penetration was clearly 
correlated with total phosphorus (Figure 5), suspended sediments 
(Figure 8), and . secchi depths (Figure 2). Each of these can be 
attributed to the visually high amount of silt being flushed from 
the Colorado river. Correlations for % light / depth profiles were 
.98 or greater (Appendix B). 
In the case of secchi depths, a more gradual decrease, 
beginning at mile 120, was measured. Multiple readings of secchi 
depths occurred at miles 128, 130, and 134 where SO's of .125 are 
depicted on the graph. 
Conductivity, measured in micro-Einsteins per centimeter, 
appeared to show a somewhat plunging inflow (Figure 4). This is 
consistent with · Gloss (1980) for the month of March. Further 
discussion on this can be found in former and latter sections of 
this report'. 
Total phosphorus concentrations were graphed against Chl-a 
concentrations to determine any correlation between the two (Figure 
9). Regression analysis was computed (Appendix D) and the results 
showed a strong positive correlation. This correlation may be 
biased due to the limited number phosphorus samples gathered. 
Discussion 
( 
In all measured parameters, there appeared to be a definite 
gradient along Lake Powell's length from mile 89, near Bullfrog, to 
mile 141 at Rite, Utah. At the time of our study period only 
approximately 200 cubic meters/sec of discharge from the Colorado 
River flowed into Lake Powell compared to that of high spring flow 
capable of reaching 2000 cubic meters/sec (Figure 3). I believe 
this is the reason for such abrupt increases in measured gradients 
such as total phosphorus (Figure 5), secchi depths (Figure 7), 
suspended sediments (Figure 8), and light transparency (Figure 2a-
2h) . 
Although conductivity levels may have corresponded with those 
of Gloss (1980), the plunging inflow was not consistent with 
temperature readings taken at mile 141 (Figure lj). These readings 
show relatively warmer water flowing out of the Colorado River 
compared to that of down-lake profiles. This warm water should 
have a tendency to create an over-flow situation, although perhaps 
the temperature difference was not sUbstantial enough to overcome 
the mixing occurring near the mouth of the river. 
Use of this data may prove important in the management of the 
Colorado River endangered species. The information gathered 
provides an insight to potential spawning habitat of several key 
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Figures la - lj. Lake Powell temperature and dissolved oxygen 
profiles in April 1994. 
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Figure 3. Colorado River discharge into Lake Powell during 1993 
and Spring of 1994 showing study period of FW 462. 
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Figure 4. Lake Powell conductivity in April 1994 
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Figure 7. Lake Powell sec chi depths in April 1994. 
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Figure 9. Lake Powell April 1994, TP/Chl-a correlation fitted with a 
regression line. 
Appendix A 
LAKE POWELL 1994 462 TRIP 
FILE=C:\462\TEMP02.WQ1 
MILE NAME DEPTH TEMP DO 
8Q 0 11 .4 g.es 
8Q 2 1U5 g.7 
8Q 4 11 .5 9.7 
8Q 6 11 .5 g.7 
8Q 8 11 .5 9.7 
8Q 10 11 .5 9.7 
8Q 15 11.4 g.7 
8Q 20 10.4 g.es 
8Q 23 9.5 9.4 
8Q 25 g.4 g.5 
8Q 28 8.g 9.4 
8Q 30 8.5 9.4 
8Q 35 8.2 9.4 
8Q 40 7.8 9.4 
8Q 45 7.6 g.5 
8Q 55 7 g.6 • 
8Q 5g 6.9 g.es 
MILE NAME DEPTH TEMP DO 
99 0 12.4 9.7 
99 2 11 .9 9.7 
99 4 11 .6 9.8 
gg 6 11.6 9.7 
9g 8 11.5 g.8 
99 10 11.4 9.7 
9g 12 11.2 9.8 
99 14 11 9.7 
99 18 10.9 9.8 
99 18 10.4 9.8 
99 20 10.1 9.7 
99 22 9.9 9.8 
99 24 9.4 9.7 
99 28 9.2 9.1 
99 28 9 9.6 
99 30 8.5 9.4 
99 32 8.2 9.4 
99 34 8.1 9.4 
99 36 8 9.4 
99 38 
99 40 7.9 9.5 
99 42 
43 7.8 9.5 
48 7.7 9.5 
48 
50 
Appendix A cont. 
MILE NAME DEPTH TEMP DO 
104 0 11.7 9.6 
104 2 11.7 9.5 
( 104 5 11.5 9.6 
104 8 11.4 9.6 
104 12 11.2 9.5 
104 15 10.7 9.6 
104 19 10.4 9.6 
104 25 9.6 9.5 
104 30 8.4 9.2 
104 35 8 9.3 
104 45 7.8 9.4 
104 55 7.5 9.3 
104 58 7.3 9.4 
MILE NAME DEPTH TEMP DO 
110 0 11.3 9.4 
110 2 11.3 9.4 
110 4 11.3 9.4 
110 6 11.2 9.5 
110 8 11.1 9.5 
110 10 11 9.5 
110 12 11 9.5 
110 15 10.9 9.5 
110 20 10.9 9.5 
110 25 10.3 9.4 
110 ' 30 9.2 9.2 
110 35 8.6 9.1 
110 40 8.1 9.1 
110 45 7.9 9.1 
110 46 7.9 9 
110 
Appendix A cont. 
MILE NAME DEPTH TEMP DO 
119 0 11.7 10.2 
119 2 11.1 10.3 
.119 4 10.9 10.4 
119 6 10.8 10.4 
119 8 10.6 10.4 
119 10 10.4 10.4 
119 12 10.3 10.4 
119 15 10.3 10.4 
119 20 10.2 10.3 
119 25 9.6 10.2 
119 30 9 10 
119 35 8.7 9.9 
119 40 8.5 9.8 
119 45 8.5 , 9.7 
119 50 8.1 9.7 
119 55 8 9.6 





MILE NAME DEPTH TEMP DO 
125 0 12.4 9.7 
125 2 11.9 9.9 
125 4 11.4 9.9 
125 6 11.3 9.9 
125 8 11.2 9.9 
125 10 11 9.9 
125 , 12 10.8 9.9 
125 15 10.8 9.9 
125 20 10.8 9.8 
125 25 10.6 9.7 
125 30 9.8 9.5 
125 35 9.5 9.1 
125 40 8.9 9 




Appendix A cont. 
MILE NAME DEPTH TEMP DO 
130 0 11.9 9.7 
130 2 11.6 9.8 
130 4 11 .5 9.8 
130 6 11.4 9.8 
( 130 8 11.3 9.8 
130 10 11.3 9.7 
130 12 11 .3 9.7 
130 15 11.2 9.6 
130 20 11 .1 9.6 
130 25 11.2 9.1 
130 30 11 9 
130 35 10.8 8.8 
130 40 10.5 8.7 
130 45 9.5 8.3 
130 50 8.9 7.6 
130 55 8.5 7.3 
130 58 8.5 7.2 
MILE NAME DEPTH TEMP DO 
134 0 12.2 10.4 
134 2 12.1 10.4 
134 4 12.1 10.4 
134 6 12 10.5 
134 8 11 .8 10.4 
134 10 11.5 10.3 
134 12 11 .5 10.3 
134 15 11.6 10.2 
134 , 20 11.6 9.9 
134 25 11.5 9.7 
134 30 11 .3 9.5 
134 35 10.8 9.3 
134 38 10.4 9.2 




Appendix A cont. 
MILE NAME DEPTH TEMP DO 
138 0 13 10 
138 2 12.9 10.1 
138 4 12.8 10.1 
138 6 12.7 10.1 
138 8 12.5 9.9 
138 10 12.2 9.6 
138 12 12.3 9.6 
138 15 12.3 9.5 
138 20 12.4 9.5 
138 25 12.2 9.2 
138 30 12.1 8.9 
138 35 11.2 8.2 





MILE NAME DEPTH TEMP DO 
141 0 13.1 10.5 
141 1 13 10.6 
141 2 12.9 10.6 
141 3 12.8 10.3 
141 4 12.7 10.2 
141 5 12.6 10.2 
141 6 12.6 10.1 
141 , 7 12.6 10 
141 8 12.5 9.6 
141 9 12.4 9.9 
141 10 12.3 9.4 
141 11 12.3 9.6 





( fY\ \ \~ q9 CORRECT) UGHT Z DECK SEA % OF SUR In% 
7.27 0 516.2 443.4 84.49 4.44 Regression Output: 
7.27 1 526.8 326.3 60.66 4.10 Constant 4.309864 
7;27 2 632.4 224.2 40.76 3.71 Std Err of Y Est 0.084906 
7.27 3 653.6 163.1 28.16 3.34 R Squared 0.996312 
7.27 4 649.3 120.1 20.64 3.02 No. of Observations 13 
7.27 6 663 92.74 16.46 2.74 Degrees of Freedom 11 
7.27 6 658.6 67.66 10.79 2.38 
7.27 7 660.2 62.97 8.16 2.10 X Coefflclent(s) -0.30416 
7.27 8 658.6 42.13 6.24 1.83 Std Err of Coef. 0.006294 
7.27 9 667 33.86 4.n 1.66 
( 7.27 10 641.6 26.26 3.60 1.26 
7.27 11 531.6 22.53 2.87 1.05 
7.27 12 623.2 18.66 2.18 0.78 
7.27 20 611 9.62 0.46 -0.78 
7.27 26 603.7 8.668 .0.28 -1 .28 
7.27 30 607.1 8.29 0.20 -1.60 








Appendix B cont. 
Y1l1 Ie..- liD CORRECT LIGHT Z DECK SEA % OF SURFACE LN% Regression Output: 
17.1 0 S62.7 664.2 114.;;; 4 .. 74492 Constant 4.61788 
17.1 S13.3 3ag.S 72.S502 4.28428 Std err of Y Est 0.08433 
17.1 2 S12.6 2;8.8 S4.;551 4.00652 R Squared 0.9969S 
17.1 3 487.3 182.7 33.9832 3 .52587 No. of Observations 14 
17.1 4 462.4 127.7 23.9187 3.17466 Degrees of Freedom 12 
17.1 5 464.1 89.2 1S.53S4 2.74312 
17.1 6 463.2 6;.18 11 .243S 2.41;7; X Coefficient(s) -0.3502 
17.1 7 47;.8 56.03 8.1138 2.Qg357 Std err of Coef. 0.00559 
17.1 8 480.2 44.53 5.7122 1.7426 
17.1 9 470.4 37.S 4 .33673 1.46712 
17.1 10 482.2 32.43 3.17;18 1.15662 
17.1 11 461 28.24 2.4164; 0.88231 
17.1 12 504.6 25.38 1.64Qg 0.49525 
17.1 13 4;6 22.2; 1.04637 0.04533 
17.1 14 S2g.4 20.96 0.72;13 -0.3159 
17.1 15 S82.6 20.24 0.53896 -0.6181 
17.1 16 610.6 18.87 0.28988 -1.2383 
17.1 17 647.2 18.84 0.26865 -1 .3136 
17.1 18 748.2 18.32 0.16306 -1.8136 
17.1 20 671.S 16.81 -0.0432 ERR 
17.1 25 710.6 1S.5 -O.22S2 ERR 
17.1 30 685.6 14.82 -0.3326 ERR 
17.1 35 648.8 14.83 -0.3499 ERR 
MIl.t.. 119 CORRECT LIGHT Z DECK SEA % SURF LN% 
0 0 2262 2261 gg.;6 4.60473 Regression Output: 
1 23S0 1402 S;.66 4 .08865 Constant 4.35454 
2 2280 ;50.4 41.68 3 .73012 Std Err of Y Est 0.0817 
3 16;3 528.4 31.21 3.44077 R Squared 0.99812 
4 24S3 S75.4 23.46 3.15517 No. of Observations 21 
S 2444 425.g 17.43 2.657g8 Degr ... of Freedom 19 
6 2464 303.5 12.32 2.S1101 
7 2412 230.1 g.S4 2.2S547 X Coefficient(s) -0.2954 
8 2535 162.8 6.42 1.85;74 Std Err of Coef. 0.00294 
9 1;17 ;3.7 4.ag 1.58675 
10 261S g8.87 3.78 1.32996 
11 2515 76.62 3 .05 1.114 
12 1400 31.75 2.27 0.81884 
, 13 1412 22.61 1.60 0.4708 
14 1299 18.1; 1.40 0.33669 
15 1484 14.36 0.;7 -0.032; 
16 1Qg1 7.71 0.71 -0.3472 
17 - 1021 5.43 0.53 -0.6314 
18 1013 3.;3 0.39 -0.9489 
1; g70.4 2.82 0.2; -1.2358 
20 ;64.6 2.05S 0.21 -1.5463 
( 
Appendix B cont. 
r f!l,Le.. 125 CORREC UGHTZ DECK SEA %OFSU LN% 
-0.134 0 1733 1863 107.61 4.6n58 Regression Output: 
-0.134 2 1794 974 64.30 3.99462 Constant 4.43628 
-0.134 4 1769 446 26.22 3.22762 Std Err of Y Est 0.13673 
-0.134 6 17n 217 12.22 2.603 R Squared 0.99803 
-0.134 8 1nO 111 6.28 1.83717 No. of Observations 16 
-0.134 10 1824 58 3.19 1.16913 Degrees of Freedom 14 
-0.134 12 1789 32.6 1.82 0.60111 
-0.134 14 1812 17.2 0.96 -0.0443 X Coemclent(s) -0.3119 
-0.134 16 1806 8.94 0.60 -0.6883 Std Err of Coef. 0.00371 
-0.134 18 1763 4.88 0.29 -1.2517 
-0.134 20 1706 2.6 0.16 -1.8682 
( -0.134 22 1726 1.34 0.09 -2.4598 
-0.134 24 1709 0.738 0.05 -2.9755 
-0.134 26 1760 0.32 0.03 -3.6519 
-0.134 28 1811 0.111 0.01 -4.303 
-0.134 30 1827 0.0406 0.01 -4.6511 
MdL 130 CORREC UGHTZ DECK SEA % OF SURFACE LN% 
0 0 763 765 101 .69 4.62098 Regression Output: 
2 806 319.9 39.69 3 .68109 Constant 4.36096 
4 1067 192.3 18.02 2.89162 Std Err of Y Est 0.14766 
6 1112 94.33 8.48 2.13805 R Squared 0.998 
8 1190 46.88 3.94 1.37105 No. of ObservatJons 16 
10 1240 23.66 1.91 0.64609 Degrees of Freedom 13 
12 1212 11.64 0.95 -0.049 
14 1182 6.89 0.60 -0.6965 X Coemclent(s) -0.3556 
16 1175 3.2Z2 0.27 -1.2939 Std Err of Coef. 0.00441 
18 1119 1.722 0.16 -1 .8715 
20 lln O.n88 0.07 -2. 7166 
22 1253 0.4676 0.04 -3.2883 
24 1334 0.2389 0.02 -4.0225 
26 1319 0.1013 0.01 -4.8691 
28 1340 0.04 0.00 -6.8141 
Appendix B cont. 
Al l \e.. \3y CORReCTI LIGHT Z DeCK SEA % OF SURFAce LN% 
0.05 0.2 1830 2190 119.87 4.784733 Regr .. sion Output: 
0.05 2 1798 880 47.88 3.888727 Constant 4.874122 
0.05 4 1802 468 25.97 3.256879 Std err of Y est 0.405211 
0.05 8 1791 210 11 .72 2.48151 R Squared 0.983889 
0.05 8 1773 90.8 5.11 1.830844 No. of Observations 13 
0.05 10 1755 47.5 2.70 0.994823 Degrees of Freedom 11 
0.05 12 1771 24.8 1.39 0.328582 
0.05 14 1782 13.3 0.74 -0.29632 X Coefficient(s) -0.38808 
0.05 18 1803 8.29 0.35 -1 .08108 Std err of Coef. 0.015087 
0.05 18 1777 3 .24 0.18 -1 .71749 
0.05 20 1883 1.5 0.08 -2.58389 
0.05 22 1788 0.848 0.03 -3.38995 
0.05 24 1828 0.121 0.00 -5.54979 
0.05 eRR eRR 
0.05 20 1782 1.54 0.08 -2.48155 
0.05 10 1792 45.5 2.54 0.930895 
0.05 4 1738 394 22.89 3.122055 
ff\tI~ L39 CORReCTI LIGHT Z DeCK SEA % OF SURFAce LN% 
0 1882 1979 119.07 4 .77974 Regression Output: 
2 1710 794.9 48.49 3 .839138 Constant 5.350383 
3 1723 489.3 27.24 3 .30459 Std err of y est 0.437445 
4 1875 294.8 17.59 2.88722 R Squared 0.981719 
5 1738 173 9.95 2.297971 No. of Observations 17 
8 1748 107.8 8.17 1.820385 Degrees of Freedom 15 
7 1743 70.04 4.02 1.390874 
8 1718 42.44 2.47 0.90551 X Coefficient(s) -0.60229 
9 1778 28.48 1.49 0.39758 Std err of Coef. 0.021221 
10 1738 14.75 0.85 -0.16408 
11 1788 7.873 0.44 -0.81912 
12 1008 2.545 0.25 -1 .37642 
13 1749 1.781 0.10 -2.28445 
14 1649 0.708 0.04 -3.14807 
15 1738 0.3083 0.02 4.03085 
18 1722 0.199 0.01 4 .48052 
17 1480 0.0401 0 .00 -5.91101 
mile. )L{ I CORReCTI LIGHT Z DeCK SEA % OF SURFAce LN% Regression Output: 
0 1110 1744 157.12 5 .058991 Constant 5.111562 
1174 196.4 16.73 2.817152 Std err of y est 0.21884 
2 - 1158 18.7 1.44 0 .368129 R Squared 0.997952 
3 1132 2.153 0.19 -1.85971 No. of Observations 8 
4 1132 0.2408 0 .02 -3.85119 Degrees of Freedom 4 
5 1142 0.014 0.00 -6.70408 
6 X Coefficient(s) -2.3096 






CON DUCTIVIll' - LAKE P SPRING 1994 
STA MILE DEPTH CONDo TDS OBSERVER Regression Output: COND V. TDS 
Constant ~.0032 
89 0 0.667 0.333 Std Err of Y Est 0.002625 
89 12 0.705 0.353 R Squared 0.999099 
110 25 0.708 0.353 No. of Observations 25 
110 34 0.684 0.342 Degrees of Freedom 23 
110 38 0.636 0.318 
125 0 0.731 0.365 X Coefficient(s) 0.503986 
125 10 0.698 0.349 Std Err of Coef. 0.003155 
125 20 0.709 0.355 
125 30 0.749 0.375 Regression Output: TDS V. C 
125 40 0.837 0.419 Constant 0.033457 
130 0 0.753 0.3n s1d Err of Y Est 0.14504 
130 6 0.722 0.361 R Squared 0.30096 
130 12 0.718 0.351 No. of Observations 25 
130 34 0.945 0.472 Degree~ of Freedom 23 
130 66 0.895 0.447 
138 0 0.888 0.445 X Coefficient(s) 0.006274 
138 10 0.937 0.469 
138 20 0.455 0.227 Std Err of Coef. 0.001994 
138 30 1.021 0.51 
138 37 0.994 0.497 
141 0 1.110 0.555 
141 4 1.087 0.544 
141 6.5 0.986 0.503 
141 9 1.049 0.525 
141 11 1.041 0.52 
Appendix D 
l.4kI POWU1. SPRIG 111114 
tp'l 
iii.[ 5.UfU IUMC TlJaITY couas 
III 0.017 0.011 0.002 o.o4J 
ItO 0.013 0.011 0.002 O.olS 
130 0.0112 0.011 0.001 0.01 
U.l 0.307 0.011 0.0911 0.1112 
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Trophic Gradient of Lake Powell as Indicated by Chlorophyll-I Concentrations 
Introduction 
Lake Powell is a large reservoir located in the southeast corner of Utah on the Utah-
Arizona border. The reservoir was impounded in 1963, with the completion of Glen Canyon 
Dam. The reservoir extends northeast into Utah, and submerges a 300 km reach of the 
Colorado River. The surface elevation at maximum pool is 1,128 m with a surface area of 
65,313 ha. Maximum depth at full pool is 171 m with a mean depth of 51.0 m and a total 
volume of 33.30 km3 (Gloss et al. 1980). 
The morphologic and hydrologic characteristics and dynamics of nutrient input and 
cycling of reservoirs are located between the features of rivers and natural lakes. Thinking 
of reservoirs as a "river-lake hybrid" allows a better conceptual understanding of the many 
differences between natural lake and reservoir function, as well as differences among 
different reservoir types (Kimmel et al. 1990). 
Kimmel et al. (1990) described three zones that occur along the longitudinal axis of a 
typical reservoir. The riverine zone occurs uplake at the entry of a river and is characterized 
by higher flow and high levels of available nutrients and suspended solids. The thickness of 
the photic zone is reduced, causing primary productivity to be light-limited. Next, the 
transition zone is characterized by higher phytoplankton productivity resulting from decreased 
flow velocity and the sedimentation of suspended solids which allows increased light 
penetration. The availability of both light and nutrients allows the transition zone to be the 
most fertile region in the reservoir. Finall y, the lacustrine zone occurs further down 
1 
reservoir near the dam. This zone is more oligotrophic as a result of low concentrations of 
dissolved nutrients and suspended solids. Phytoplankton production is reduced and is often 
nutrient limited (Kimmel et al. 1990). 
The main objective of this research is to describe a trophic gradient along the axis of 
Lake Powell and relate this gradient to the available food resources for larval fish. The 
identification of the longitudinal zones that exist in reservoirs is the basis of this research 
objective. Several biotic and abiotic parameters were measured to determine if a longitudinal 
gradient exists. Sampling began at the oligotrophic "lacustrine zone" near Bullfrog Bay and 
progressed up the main axis of the lake through the "transition zone" to the more eutrophic 
"riverine zone" at the confluence of the Colorado River. The biotic parameters sampled 
included algal biomass, zooplankton, aquatic invertebrates, and fish. The abiotic parameters 
measured were temperature, dissolved oxygen, specific conductivity, light extinction, and 
phosphorous concentration. This paper will mainly comprise of details on the methods and 
results of sampling chlorophyll-a concentrations and bioavailable soluble reactive phosphate. 
Methods 
Lake Powell has several buoy markers along the axis of the lake that indicate the 
distance from the dam along the old river channel. During our research, these river mile 
buoys were used in locating sampling stations. Chlorophyll-a samples were taken at 13 
separate stations beginning at river mile 93 near Bullfrog Bay and ending at river mile 141 at 
the confluence of the Colorado River (Table 1). Sampling stations were spaced at 2-6 river 




taken using a clear integrated tube sampler with a 12 mm diameter. Samples were taken to a 
depth of 6m. The 6m integrated column of water sample was immediately size fractionated, 
using a 10 J.Lm mesh filter. Both filtered « 10 J.Lm) and unfiltered ("total") samples were 
placed in ISO ml plankton sample cups and placed in an ice chest until chlorophyll-a could be 
filtered out. 
Vertical profiles of chlorophyll-a were also taken at 4 sampling stations at river miles 
99, 110, 130, and 141. However, due to laboratory analyses errors, vertical profile data is 
only available for river miles 130 and 141. Samples to determine the vertical profile of 
chlorophyll-a were taken using a Van Dom water sampler. The depths at which the samples 
were taken are related to the depth of the photic zone, or the I % of surface light level and 
the total depth. Five vertical samples were taken at depths which included a sample within 1 
m of the surface, at the 1 % of surface light depth, 5 m off the bottom of the reservoir, mid-
way between the surface and 1 % of surface light level, and mid-way between the bottom and 
1 % of surface light depth (Figure 1). These vertical profile samples were then placed in 150 
ml plankton cups unfiltered and also kept in an ice chest until chlorophyll-a could be filtered 
from the samples. 
Filtration and analysis of longitudinal and vertical profile samples for chlorophyll-a 
concentrations were both conducted in the same manner. Two 50 ml replicates were taken 
from each of the ISO ml plankton cups and filtered through .45 J.Lm (Millipore) membrane 
filters. The filters were then folded in half, wrapped in aluminum foil and frozen until 
extraction of chlorophyll-a could be done. The extraction of chlorophyll-a from the 
membrane filters was achieved by placing the folded filters into IS-ml graduated centrifuge 
3 
tubes and adding 10 ml of buffered methanol solution, allowing about 24-30 hours for 
extraction. 
Fluorescence of the extracted chlorophyll pigment was measured using a Turner 
fluorometer. The solution of extracted chlorophyll pigment and buffered methanol was 
transferred to cuvette and placed in the fluorometer to take a fluorescence reading. After the 
first reading is taken, 150 JLl of HCl is added to the cuvette and agitated. A second reading 
is then taken to determine the amount of fluorescence attributed to phaeophyton. 
Chlorophyll-a and phaeopigment was calculated as indicated in Wetzel and Likens (1991). 
Soluble Reactive Phosphate - Phosphorous (P04-P) (SRP) 
Water samples for the analysis of Soluble Reactive Phosphate were collected at river 
miles 89, 110, 130, and 141 (Table 1). Samples were taken with an integrated tube sampler 
to a depth of 6 m. The samples were placed in 250 ml polyethylene bottles and frozen until 
analysis could be done. 
In the lab, water samples were filtered through .45 JLm pore size (Whatman GF/F) 
glass fiber filters to remove the particulate phosphorous. The filtered sample was then 
allowed to react with a molybolate, ascorbic acid, and trivalent antimony reagent. A 
reducing agent was then used to produce a blue-colored complex. Two replicates from each 
sample site were prepared using this process (Wetzel and Likens 1991). Another replicate of 
each filtered sample was processed in the same way, but the reducing agent was not added. 
This was used to correct for turbidity. Blanks and standards were also produced by using a 
solution of known concentration of phosphorous and adding the reagents and reducing agents. 
4 
( 
Light absorbance of each sample, blank and standard was measured with a 
spectrophotometer. The absorbencies measured from the standards were plotted to produce a 
standard curve. Soluble Reactive Phosphorous was then calculated using the equation 
generated from this curve. 
Results 
The Colorado River has a big influence on the algal biomass of the "Riverine" and 
"transition" zones of the reservoir. Spring runoff, containing large amounts of suspended 
solids and dissolved nutrients, enters the reservoir as overflow (Gloss et al. 1980). The high 
level of nutrients contained in this flow allows a dramatic increase in the total algal biomass. 
This study used chlorophyll-a concentrations as an indicator of algal biomass. Chlorophyll-a 
concentrations measured along the axis of the reservoir show a steady increase from the more 
oligotrophic "lacustrine zone" near Bullfrog Bay at river mile 93 to what my be considered 
the "transitional zone" (Kimmel et al. 1990), at river mile 138. However, chlorophyll-a . 
concentrations increased dramatically from river mile 138 to the more eutrophic "riverine 
zone" at the confluence of the Colorado River at river mile 141 (Figure 2). Also, the ratio 
of the two size fractions of chlorophyll-j remained quite constant along the gradient of the 
reservoir until river mile 141, which shows an increase in the larger size fraction (Figure 3). 
The vertical profile of chlorophyll-a at river mile 130 indicates a peak at a depth near 
6 m (Figure 4). While the vertical profile at mile 141 shows a decrease in chlorophyll-j 
concentration from the surface to 1.5 meters (Figure 5). However, due to the high 
variability of the data collected at this site, and the shallowness of the depth, the chlorophyll-
5 
a profile would appear to remain relatively constant from the surface to the bottom. 
The concentration of soluble reactive phosphate also shows an increase along the 
gradient and a rapid increase between river mile 130 and 141 (Figure 6). However, due to 
the uncertainty of the standard curve used, absolute values for these concentrations are 
questionable, but it is quite apparent that a positive relationship occurs between soluble 
reactive phosphate (SRP) and chlorophyll-a concentrations. 
Other biotic factors were found to be related to the primary production gradient 
observed along the axis of the reservoir. Zooplankton was one biotic factor that appeared to 
be negatively related to the gradient of chlorophyll-a. Benthic invertebrate biomass, 
however, shows a positive relationship. The fish biomass estimated by hydroacoustics 
increased along the gradient, with a dramatic increase at river mile 141 (Figure 7). 
Discussion 
The pattern of chlorophyll-a concentrations identified along the longitudinal zones of 
the reservoir closely match the trophic pattern discussed by Kimmel et ale (1990) and the 
findings of Gloss et ale (1980). The delivery of nutrients from the Colorado River entering 
the reservoir as overflow (Gloss et ale 1980) plays a key role in the observed trophic 
gradient. Phytoplankton production is limited by phosphorous in the reservoir (Gloss 1980). 
Phytoplankton productivity declines rapidly as the phosphorous becomes utilized. This 
decline in primary productivity due to nutrient limitation is very prevalent along the gradient. 
6 
( 
Knowledge of the productivity of a system becomes very important in determining the 
availability of food resources to larval fish. Papoulias and Mincldey (1992) found that the 
first foods to be taken by larval razorback suckers were diatoms, detritus and algae, and then 
small rotifers and chironomids. Also, Papoulias and Mincldey (1992) expressed that the 
failure of a year-class of razorback suckers in Lake Mohave, Arizona-Nevada, may have 
been attributed to nutrient deficiency at lowest densities of reservoir plankton. During years 
of high densities of reservoir plankton, nutrition and starvation did not seem to be a problem. 
Therefore, areas such as the "transition zone" of reservoirs that maintain high densities of 
plankton from year to year are the most likely habitats for larval fish survival. 
7 
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Table 1. Date and type of sample taken at each sample site. 
Site 
River Mile Area Date Sampled Type of Sample 
89 12 April '94 SRP Chl-a Profile 
93 Bullfrog Bay 12 April '94 Chl-a 
99 Hall's Canyon 12 April '94 Chl-a 
104 12 April '94 Chl-a 
110 Tapestry Canyon 12 April '94 Chl-a SRP Chl-a Profile 
115 12 April '94 Chl-a 
119 10 April '94 Chl-a 
121 10 April '94 Chl-a 
125 10 April '94 Chl-a 
128 10 April '94 Chl-a 
130 Four-mile Canyon 11 April '94 Chl-a 
134 11 April '94 Chl-a SRP Chl-a Profile 
138 11 April '94 Chl-a 
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Figure 2. Broken graph. Chlorophyll-a concentration increases steadily to river mile 138 
and then changes rapidly at river mile 141. 
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Figure 3. The ratio of the two size fractions of chlorophyll-a remains relatively constant 
until river mile 141, where the larger size fraction (> 10 #Lm) increases 
dramatically. 
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Figure 4. Profile of chlorophyll-a concentration indicating a peak at a depth near 6m. 
Concentration decreases to almost 0 (mg/m3) at a depth of 56 m. 
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Figure 5. Profile of chlorophyll-a concentration, indicating a decrease in concentration 
from the surface to 1.5 m. However, due to the large variance in the data and 
the shallow depth, concentration is assumed to be constant from top to bottom. 
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Figure 6. Concentration of soluble reactive phosphate increases steadily to river mile 130 
and then increases rapidly at river mile 141. 
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Figure 7. Fish biomass estimated by hydroacoustics increased along the gradient, with a 
dramatic increase at river mile 141. 
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Appendix A 
CHLOROPHYLL ANALYSIS 
DOOR FACTORS: lX=2.60.3X=0.968. 
10X=0367. 3OX=0 171 
INSTRUMENT: TURNER 111 
EXCITATION FILTER: N/A 
TRANSMISSION FILTER: N/A 
After corrected 
FLB FLA FLB FLA 
248 9.8 
24.9 9.1 








29.7 11 .8 













































16.1 5.2 . 15.1 
15.2 5.2 14.2 
18.8 6.2 17.8 
14.1 4.9 13.1 
15.9 5.9 14.9 
15.8 5.8 14.8 
15.9 6.1 14.9 
13.3 4.6 12.3 
14.8 5.4 13.8 
22.5 9.4 21 .5 
22.6 9.5 21 .6 
24.6 8.1 23.6 
21 .3 7.2 20.3 
50.1 17.6 49.1 
41.2 15.5 40.2 
29.2 109 28.2 
29 1 11 0 281 
12.1 3.9 11 1 
342 11 4 332 
20.1 92 19 1 
20.2 7.1 19.2 
42.4 151 414 
28.6 10.5 276 
50.0 181 490 
55.9 19.5 54 .9 
28.2 10.2 27 .9 
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DOOR FACTORS: 1 X=2.60, 3X=0.968, 
10X=0.367, 30X=0.171 
INSTRUMENT: TURNER 111 
EXCITATION FILTER: N/A 
TRANSMISSION FILTER: N/A 
Filtr Meth. Door Blank After corrected CHLa PHAO % CHL A 




-'0 50 10 30 0.171 1.9 78.8 28.9 76.9 27.0 2.36 0.98 71 
a 50 10 30 0.171 1.9 82.0 303 80.1 28.4 2.44 1 07 70 
· 6 50 10 30 0.171 1.9 52.2 20.2 50.3 18.3 1.51 0.75 67 
' 6 50 10 30 0.171 1.9 67.9 22.2 66.0 20.3 2.16 0.35 86 
12 50 10 30 0.171 1.9 72.5 289 70.6 27 .0 2.06 1.28 62 
12 50 10 30 0.171 1 9 70.6 28.0 68.7 261 2.01 1.22 62 
34 50 10 30 0.171 1.9 22.9 12.2 21 .0 10.3 0.51 0.77 40 
34 50 10 30 0.171 1.9 22.0 12.1 20.1 10.2 0.47 079 37 
56 50 10 30 0.171 1.9 18.9 12.2 17.0 10.3 0.32 0.96 25 
56 50 10 30 0.171 1.9 18.9 143 17 a 12.4 0.22 1 32 14 
MILE 141 
depth (m) 
a 50 10 1 2.6 0.2 33.1 12.6 32.9 12.4 14.73 8.60 63 
a 50 10 3 0.968 0.3 73.0 28.4 72.7 28.1 11 .93 7.75 61 
1 5 50 10 2.6 0.2 22.0 8.5 21 .8 8.3 9.70 5.92 62 
1.5 50 10 1 2.6 0.2 28.2 11 .0 28 a 10.8 12.36 796 61 
25 50 10 3 0.968 0.3 66.6 25.3 66.3 25.0 11.05 6.46 63 
2.5 50 10 1 2.6 0.2 36.5 14.0 36.3 13.8 16.17 9.80 62 
7 50 10 1 2.6 0.2 27.0 10.3 26.8 10.1 12.00 700 63 
'1 50 10 1 2.6 0.2 33.5 12.5 33.3 12.3 15.09 8.05 65 
9 50 10 3 0.968 0.3 74.4 28.4 74 .1 28.1 12.31 7.38 63 
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standard absorb CORR AS 
o 0.016 0 
2 0.018 0.002 
5 0.035 0.019 
10 0.057 0.041 
30 0.157 0.141 
50 0.243 0.227 
100 0.465 0.449 
200 0.983 0.967 
LOW 
89 0.06502 -0 .35 
110 1.10292 1.1 
130 0.68776 0.68 
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PELAGIC ZOOPLANKTON ANALYSIS IN LAKE POWELL RESERVOIR 
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INSTRUCTOR: WAYNE WURTSBAUGH 
( 
Zooplankton's Response to a Nutrient Gradient 
. in the Lake Powell Reservoir. 
Introduction: 
Lake Powell is located in Utah and Arizona. It was created by the 
impoundment otJhe Colorado River by the Glen Canyon Dam. The reservoir 
is surrounded by Mesa's and a desert climate. The Colorado River and it's 
tributaries put many suspended particles and nutrients into the reservoir. 
Lake Powell is recorded as receiving 40-140 millon tons of sediment 
annually (Stanford and Ward 1991 pg. 84). Nutrient gradients are the 
result of a change in water velocity as a river enters and impoundment. 
The greater the distance from the mouth of the river causes the larger 
suspended particles to settle out and the nutrients to be used up. 
The affects of the turbidity and sedimentation can be seen of the 
zooplankton community within the Lake Powell reservoir. Both the 
effects that turbidity and unnatural sedimentation have on zooplankton 
have been shown. (Zettler and Carter 1986; Sollberger et. al. 1989). 
Methods: 
During the month of April in 1994, the Utah State University Fisheries and 
Wildlife lab 462 sampled 10 stations (appendix a) of zooplankton. The 
samples were taken from the main channel of Lake Powell stations and 
were spaced four to nine miles apart from Bullfrog Marina to Hite Marina 
and the Colorado River inlet. The sampling was done with and 80 micron 
mesh netting with a bucket that had 64 micron mesh openings. In the 
mouth of net a flow meter was placed to determine efficiency (Wetzel and 
Likens 1991). After looking over the data, the overall net efficiency was 
fairly consistent in the amount of revolutions and water sampled in a 
column of water. 
In 1989 Sollberger et. al found that nearly all the zooplankton in Lake 
Powell were at depths of less than 20 meters. We chose to take two 
samples at each station with a 50-meter haul, to collect and get a 
replicate of all the zooplankton in the water column. Each sample was 
separated in two sizes, one greater that 333 microns and one less that 
333 microns. Then Lugol's preserver was used in each sample. The 
Stations at mile 99, 110, 125, 134, 138, and 141 had less than 50 meter 
hauls. This was not adjusted for in the data and remains a variable of the 
data. 
In the laboratory the samples from mile 99, 110, 130, and 141 were 
subsampled with a 1 ml. sample taken with a Hansen-Stemple volumetric 
pipet. These subsamples of 1 ml. were counted with microscopes at a 
variable of 15 to 40x magnification. The zooplankton taxa counted an 
measured were Daphnia, Nauplii, Cyclopoid, and Calanoid copopods with a 
few rotifers in the samples close to Hite at mile 141. 
In addition to zooplankton data, chlorophyll concentrations were measured 
from a 6-m integrated water column sample. A tube was lowered into the 
water column to obtain a sample. The phytoplankton was then size-
fractionated into a less than 10 micron size prior to chlorophyll analysis. 
The Chlorophyll a..was then read with a fluorometer. 
Results and Discussion: 
The zooplankton dry weight volumes decreased regularly in the samples 
less then 333 micron units and where very irregular in pattern on those 
samples greater that 333 micron mesh units. The weights don't offer 
significant evidence of a nutrient gradient (figure 1). 
In the evidence of a nutrient gradient was strong with the zooplankton 
total counts increasing until we reached mile 141 at the mouth of the 
Colorado River (figure 2). THe various taxa, Daphnia, Cyclopoid, Calanoids, 
and Nauplii are shown in figure 3. It seems that they follow the same 
gradient increasing between miles 110 and 130 and then decreasing upon 
reaching the mouth of the Colorado River at mile 141 (figure 3). 
The gradient that the zooplankton counts show evidence of (figure 2 and 3) 
is also supported by the chlorophyll a... samples taken (figure 4). The 
chlorophyll does not drop off at mile 141 near the Colorado River mouth. 
The best explanation to this is that the turbidity level and high level of 
sediments makes it hard for the zooplankton to feed. It was also not as 
deep as it was farther down the reservoir, and as noted early most 
zooplankton communities are found in the first 20 meters of the water 
column. 
Summary: 
The data collected from counting of four of the river miles sampled, and 
the chlorophyll data that was processed clearly showed evidence of a 
nutrient gradient along Lake Powell. But, the data collected from the dry 
weights of the showed week evidence towards a nutrient gradient. If 
there hadn't been so many variables, such as sample loss in travel, 
weather behaviors, and various depths of sampling, the data may have not 
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Appendix a 
Boimass Weight of Pelagic Zooplankton 
mile size pan wt. total wt . zoop wt. pan corr 
89 #1 >333 10.388 10.645 0.257 0.273 
<333 10.873 11 .002 0.129 0.145 
89 #2 >333 10.415 10.817 0.402 0.418 
<333 10.712 10.777 0.065 0.081 
99 #1 >333 10.375 10.415 0.04 0.056 
<333 10.411 10.75 0.339 0.355 
99 #2 >333 10.263 10.566 0.303 0.319 
<333 10.869 10.894 0.025 0.041 
104 #1 >333 no data 
<333 10.877 10.881 0.004 0.02 
104 #2 >333 10.705 10.817 0.112 0.128 
<333 10.273 10.3 0.027 0.043 
110 #1 >333 10.521 11.26 0.739 0.755 
<333 10.708 10.746 0.038 0.054 
110 #2 >333 10.689 11.285 0.596 0.612 
<333 10.253 10.283 0.03 0.046 
119 #1 >333 10.709 11.035 0.326 0.342 
<333 10.531 10.8 0.269 0.285 
119 #2 >333 10.531 10.8 0.269 0.285 
<333 10.414 10.437 0.023 0.039 
125 #1 >333 10.415 10.614 0.199 0.215 
<333 10.376 10.428 0.052 0.068 
125 #2 >333 2.273 2.899 0.626 0.642 
<333 2.232 2.271 0.039 0.055 
130 #1 >333 10.41 11 .077 0.667 0.683 
<333 10.272 10.273 0.001 0.017 
130 #2 >333 10.718 11.344 0.626 0.642 
<333 10.329 10.549 0.22 0.236 
134 #1 >333 10.27 10.788 0.518 0.534 
<333 10.388 10.422 0.034 0.05 
134 #2 >333 10.709 11.035 0.326 0.342 
<333 10.526 10.55 0.024 0.04 
138 #1 >333 2.285 2.923 0.638 0.654 
<333 2.274 2.375 0.101 0.117 
138 #2 >333 2.273 2.899 0.626 0.642 
<333 2.232 2.271 0.039 0.055 
141 #1 >333 10.384 10.389 0.005 0.021 
<333 10.872 10.889 0.017 0.033 
141 #2 >333 no data 
<333 10.512 10.572 0.06 0.076 
( 
Count Data of Pelagic Zooplankton 
mile no . count subsample tota l no .! total tow liters/ total liters number/ 
volume total vol sample revolut ions rev sample liter 
(ml) (ml) 
Daphn ia 
>333 99 261 2 480 62640 .00 720 6 4320 14.50 
<333 99 2 2 480 480 .00 720 6 4320 0.11 
14.61111 
Calano id 
>333 99 384 2 480 92160 .00 720 6 4320 21 .33 
<333 99 60 2 480 14400.00 720 6 4320 3.33 ( 
Cyclopoid 
>333 99 13 2 480 3120.00 720 6 4320 0.72 
<333 99 21 2 480 5040.00 720 6 4320 1.17 
Naupli i 
>333 99 179 2 480 42960 .00 720 6 4320 9.94 
<333 99 160 2 480 38400.00 720 6 4320 8.89 
mile no. count subsample total no./ total tow liters/ total liters number/ 
volume total vol sample revolut ions rev sample liter 
(ml) (ml) 
Daphnia 
>333 110 376 2 480 90240.00 857 6 5322 16.96 
<333 110 
Calanoid 
>333 110 561 2 480 134640.00 857 6 5322 25.30 
<333 110 92 2 480 22080.00 857 6 4962 4.45 
Cyclopoid 
>333 110 42 2 480 10080.00 857 6 5322 1.89 
<333 110 52 2 480 12480.00 857 6 4962 2.52 
Nauplii 
>333 110 289 2 480 69360.00 857 6 5322 13.03 
<333 110 203 2 480 48720.00 857 6 4962 9.82 
Rotifers 
>333 
<333 110 28 2 480 6720.00 857 6 4962 1.35 
mile no. count subsample total no./ total tow liters/ total liters number/ 
volume total vol sample revolutions rev sample liter 
(ml) (ml) 
Daphh i ~f 
>333 130 171 2 480 41040.00 984 6 5904 . 6.95 
<333 130 
Calanoid 
>333 130 251 2 480 60240.00 984 6 5904 10.20 
<333 130 38 1 480 18240.00 984 6 5904 3.09 
Cyclopoid 
>333 130 243 2 480 58320.00 984 6 5904 9.88 




































































480 60480 .00 
total no .! 


































































Zooplankton of the Littoral Zone 
in the Upper Reaches 
of Lake Powell 
by 
Daniel J. Zamecnik 
May 22, 1994 
( 
Introduction -
Lake Powell was studied between April 7th and 12th 1994 by 
the Utah state University fish and wildlife 462 class (Aquatic 
Ecology Laboratory). The focus of the study was the trophic 
gradient in the upper reaches of the lake. This gradient is 
controlled by the input of nutrients at the uppermost end of the 
Lake (near Hite Marina) where the Colorado River drains its silty 
flow. 
Previous studies of Lake Powell, and other lakes, have been 
done in the past. Zettler and Carter (1986), in their study of a 
Canadian lake, found that zooplankton were larger in turbid 
waters due to the consequent difficulty in being seen by 
planktivorous fish. Wurtsbaugh et al (1992) collected data 
showing chlorophyll-a and turbidity peaks at the inflow of the 
Colorado with both decreasing down-lake. Zooplankton, in the same 
study, peaked at approximately 12 miles above Bullfrog. 
Sollberger, Vaux and Paulson (1989), with a study of Lake Powell 
in 1987-88, indicated a negative correlation between algal and 
zooplankton biomass. 
The objectives of this part of the U.S.U. April 1994 study 
were to investigate the factors which control zooplankton 
abundance in the littoral zone and the amount of zooplankton 
available for zooplanktivorous fish along the gradient between 
the inflow of the Colorado River, near Hite Marina, and Bullfrog 
(some 46 miles). More specifically nutrient rich water at the 
inflow allows for high primary productivity, shown by 
chlorophyll-a concentrations, at mile 141. This algal abundance 
can cause an increase in zooplankton (although the peak in 
zooplankton numbers occurs down lake from the peak in 
chlorophyll-a). Also, larger zooplankton are preferred by 
zooplanktivorous fish, therefore, stomach samples show larger 




The littoral zooplankton were sampled at four sites between 
Bullfrog Bay and Hite Marina (see fig. 1) and three sample 
replicates were done at each site in order to attain accurate 
estimates of zooplankton size and numbers. More replicates and/or 
sites would have produced more accurate data. There was, however, 
only one sampling net and only six days in which to sample. 
Samples were usually done during the late afternoon using a small 
boat to find appropriate locales where the shore was not overly 
steep. The samples were taken in approximately two meters of 
water with a Wisconsin Net specifically designed for this 
purpose. I measured an oar and marked off two meters for use in 
assuring the right depth. The depth of tow was not always 
accurate, however, due to movement of the boat. The net had an 
eighty micron mesh and a flow meter was attached in the mouth of 
the net in order to accurately measure volume of water sampled. 
The meter had a counter which was read before and after samples 
were taken. There was some inaccuracy in the revolution count due 
to spinning of the flow meter on the way down and in the boat 
( 
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after the sample was taken. The net was flushed using a squirt 
bottle after it was hauled concentrating the zooplankton in the 
sampling cup. The contents of the cup were then transferred to a 
sample container which was then labeled with time, date, sample 
site, mile number, revolutions of the flow meter, and type of 
sample (littoral). site maps, as well as notes containing 
pertinent information about the area, were made at the time of 
sample (see appendix 1). Preserving the samples should have been 
done immediately with Lugal's solution, but, this was usually not 
done effectively. The problem here was lack of enough of the 
solution added to the samples quickly enough. 
b. lab 
The samples were subsampled in the lab, usually at one 
milliliter. Numbers of each taxa found was recorded, as well as, 
size (in micrometer units) of the first ten individuals of each 
taxa found. Magnification used and total sample size (in ml) were 
also recorded. The Quattro Pro spreadsheet was used to manipulate 
data. Length was converted from micrometer units to millimeters 
by dividing by the magnification and size frequency distribution 
was calculated. Size distribution, numbers per liter, taxa 
composition and other changes in zooplankton characteristics from 
Bullfrog Bay to Hite Marina were graphed. Other workers' data was 
available to be compared with the littoral data. 
Results -
When littoral and pelagic zooplankton (cladoceran and 
calanoid copepod) numbers per liter are compared (see fig. 2 and 
3) a similarity is evident. Both pelagic and littoral taxa show a ( 
peak at mile 110 and a decrease from there to the inflow of the 
Colorado River at mile 141. An outlier was removed from the data 
at the first replicate of mile 141/littoral (see appendix 2). 
High turbidity, and consequent shallow secchi depth (see fig. 4), 
occur at the inflow. Chlorophyll-a concentration increases from 
mile 110 to mile 141 as illustrated in fig. 5. Daphnia size 
distributions from stomach, littoral and pelagic samples at mile 
110 are shown in fig. 6. The stomach samples contained larger 
size Daphnia than were found in the environment (pelagic or 
littoral zones). 
Discussion -
80llberger et al (1989) found a temporal peak in cladoceran 
numbers of 4.659 per liter in late April of 1988 at approximately 
mile 120. This corresponds to a late spring peak in Colorado 
River discharge into Lake Powell (see fig. 7). The peak runoff 
supplies the lake with nutrients used by phytoplankton. The study 
conducted by 80llberger et al used fewer sites along the lake 
than were sampled by the 1994 U.8.U. team. 
The peak in numbers of cladocerans and calanoid copepods 
found at mile 110 and the decrease of these numbers towards Hite 
Marina can be explained by a turbidity/chlorophyll-a mechanism. 
This peak followed by a "precipitous drop" was also found by the 
workers of the 1992 Lake Powell study (Wurtsbaugh et all. McCabe 
and O'Brien (1983) found the assimilation efficiency of Daphnia 
Cladoceran Zooplankton 
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pulex to decrease as turbidity increases. The low cladoceran 
numbers near Hite Marina (just below the inflow of the Colorado) 
are caused by high turbidity even though there is an abundance of 
phytoplankton (shown by the chlorophyll-a concentration; see fig. 
5). As turbidity decreases and levels off by mile 110 zooplankton 
are able to assimilate more easily and numbers increase. Below 
the mile 110 peak in zooplankton numbers a further decrease in 
the amount of phytoplankton occurs due to depletion of the 
nutrient supply by the phytoplankton and the high filtration 
rates of the large zooplankton population. Thus, the numbers of 
zooplankton decrease below mile 110. 
Mile 110 is the site of stomach vs. environment comparison 
shown in figure 6. It can be seen that the fish select the larger 
size Daphnia and the sizes remaining in the environment are 
smaller. 
The reservior which now fills Glen Canyon does not seem 
suitable for razorback suckers because no larval suckers were 
found during the April 1994 research study. This may be due to 
the alteration in trophic structure caused by the damming o f the 
canyon. 
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Dan Zamecnik May 9, 1994 Littoral zooplanklDn 
subsamp sample t# per tDtal sample 
taxa mile Site t#t# counte size(ml) size(ml sample revoIlite,.. t# per lite 
Daphnia 99 1.a 10 1 120 1200 76 456 2.63 
991 .b 3 1 120 360 72 432 0.83 
99 1.c 10 1 120 1200 50 300 4.00 
1102.a 78 1 240 18720 117 702 26.67 
1102.b 42 1 240 10080 57 342 29.47 
1102.c 0 1 120 0 51 306 0.00 
130 3.a 12 1 120 1440 50 300 4.80 
130 3.b 3 1 120 360 54 324 1.11 
1303.c 19 1 120 2280 60 360 6.33 
141 4.a 23 1 120 2760 39 234 11 .79 
141 4.b 18 1 115 2070 47 282 7.34 
141 4.c 8 1 120 960 34 204 4.71 
Bosmina 991 .a 4 1 120 480 76 456 1.05 
991.b 0 1 120 0 72 432 0.00 
991 .c 1 120 120 50 300 0.40 
1102.a 0 240 0 117 702 0.00 
1102.b 1 240 240 57 342 0.70 
1102.c 9 120 1080 51 306 3.53 
130 3.a 0 120 0 50 300 0.00 
130 3.b 0 120 0 54 324 0.00 
130 3.c 2 120 240 60 360 0.67 
outlier remov. 141 4.a 0 120 0 39 234 0.00 
141 4.b 4 115 460 47 282 1.63 
141 4.c 0 120 0 34 204 0.00 
Calanoid 99 1.a 12 120 1440 76 456 3.16 
99 1.b 34 120 4080 72 432 9.44 
99 1.c 56 120 6720 50 300 22.40 
1102.a 139 240 33360 117 702 47.52 
1102.b 79 240 18960 57 342 55.44 
1102.c 72 120 8640 51 306 28.24 
130 3.a 63 120 7560 50 300 25.20 
130 3.b 33 120 3960 54 324 12.22 
130 3.c 82 120 9840 60 360 27.33 
141 4.a 24 120 2880 39 234 12.31 
141 4.b 1 115 115 47 282 0.41 
141 4.c 5 120 600 34 204 2.94 
Cyclopoid 99 1.a 12 120 1440 76 456 3.16 
99 1.b 1 120 120 72 432 0.28 
99 1.c 16 120 1920 50 300 6.40 
1102.a 3 240 720 117 702 1.03 
1102.b 3 240 720 57 342 2.11 
1102.c 6 120 720 51 306 2.35 
130 3.a 12 120 1440 50 300 4.80 
130 3.b 5 120 600 54 324 1.85 
130 3.c 8 120 960 60 360 2.67 
141 4.a 32 120 3840 39 234 16.41 
141 4.b 6 115 690 47 282 2.45 
141 4.c 23 120 2760 34 204 13.53 
Harpacticoid 99 1.a 0 120 0 76 456 0.00 
99 1.b 0 120 0 72 432 0.00 
99 1.c 0 120 0 50 300 0.00 
1102.a 0 240 0 117 702 0.00 
1102.b 1 240 240 57 342 0.70 
110 2.c 0 120 0 51 306 0.00 
130 3.a 0 120 0 50 300 0.00 
130 3.b 0 120 0 54 324 0.00 
130 3.c 0 120 0 60 360 0.00 
141 4.a 0 120 0 39 234 0.00 
141 4.b 7 115 805 47 282 285 
141 4.c 1 120 120 34 204 0.59 
nauplii 99 1.a 0 120 0 76 456 0.00 
991 .b 22 120 2640 72 432 6.11 
991 .c 33 120 3960 50 300 13.20 
1102.a 22 240 5280 117 702 7.52 
110 2.b 22 240 5280 57 342 15.44 
1102.c 76 120 9120 51 306 29.80 
130 3.a 10 120 1200 50 300 4.00 
130 3.b 31 120 3720 54 324 11 .48 
130 3.c 108 120 12960 60 360 36.00 
141 4.a 5 120 600 39 234 2.56 
141 4.b 6 115 690 47 282 2.45 
141 4.c 9 120 1080 34 204 5.29 


























































BENTHIC INVERTEBRATE ABUNDANCE 
IN THE PROFUNDAL ZONE OF 
LAKE POWELL 
Chad Mellison 
FW 462 Spring 1994 
Research Project 
INTRODUCTION 
The razorback sucker (Xyrauchen texanus) is one of many 
threatened or endangered fish in the Colorado River basin. Not 
much is known about this fish and even less is known about the 
larval stages. It is known that the larval fish swim downstream 
and into Lake Powell but once they enter the reservoir, nobody 
knows what happens to them (Behnke and Benson 1980). 
I with adaptation to a riverine environment, the larval fish may not be adapted to avoiding predators in the reservoir. The 
larval fish may also not be adapted to feeding in the reservoir. 
In a study done by Papoulias and Minckley (1992), they found that 
the first foods for larval suckers were diatoms, detritus, and 
algae. They also found that as the larval fish grow a little 
larger, they start feeding on small rotifers and chironomids. 
Minckley et ale () found that in recent studies the razorback 
larvae spend the first few weeks in the littoral zone and then 
move to offshore sites. 
I studied how the macro invertebrate abundance in the 
profundal zone of Lake Powell changes along the gradient as well 
as how the microhabitat effects the abundance of benthic 
invertebrates. The gradient in Lake Powell is described in 
detail by Gloss et ale (1980). I hypothesize that as we move up 
the reservoir from Bullfrog (mile 99) towards the inlet of the 
Colorado River near Hite (mile 141), that the macro invertebrate 
abundance and biomass will increase because of the large amounts 
of nutrients that enter the system from the Colorado River. I 
also hypothesize that as the microhabitat changes, so will 
( 
species abundance and species composition. These 
macro invertebrates may be an important food sources for the 
larval razorback suckers. 
METHODS 
A Ponar dredge was used to measure the abundance, biomass, 
and microhabitat of macroinvertebrates. The Ponar dredge was a 
nine inch by nine inch model which sampled soo cubic inches. An 
Eckman grab could have also been used. The Eckman grab sampler 
is best suited for use in soft, finely divided sediments (Wetzel 
and Likens 1991). The Ponar dredge was found to be adequate for 
sampling a substratum of small stones, but not adequate for 
sampling among bigger rocks (Wetzel and Likens 1991). Because 
the sieving and sorting time is long, few samples were taken. 
Sampling took place at for locations along the reservoir, mile 
99, mile 110, mile 130, and mile 141. Three samples were taken 
at each location. These were not true replications, but were 
pseudoreplications, as they were taken very close to each other 
and were not representative of the surrounding area. For more on 
pseudoreplication, read Hurlbert (1984). After the samples were 
collected, they were screened with a 3SS~ sieve, placed into 
sampling containers, and preserved in ethyl alcohol. The size of 
the sieve used will determine what the abundance and composition 
of macroinvertebrates in the sample (Downing and Rigler 1984). 
Mesh sizes between O.lmm and O.Smm are the most commonly used 
(Downing and Rigler 1984). 
Samples were stained with rose bengal to help identify 
organisms. The samples were spread in a pan and the 
macro invertebrates were removed, identified, counted, and 
measured. The sample was then rinsed through a 300~ sieve then 
returned to a container and brought to volume with water. 
Samples were then sub-sampled with a Sml stemple. Organisms were 
then identified, counted, and measured. 
Estimates of biomass are often very tedious and time 
consuming. Instead of weighing all the invertebrates from the 
samples, it is common to have length-weight relationships, so 
\ -
~ 
that the length of individuals can be measured from samples and 
converted into biomass (Wetzel and Likens 1991). This 
relationship was used: Dry weight = (a) (lengthAb) or log dry 
weight = log a + (b) (log length), where b is usually = 3 [cf., 
Wetzel and Likens (1980)]. 
RESULTS 
Total numbers of organisms found in the samples actually 
decreased as we went up the reservoir towards Rite (Figure 1; 
Appendix A). Total numbers of benthic organisms stayed 
relatively low until mile 130 where it increased to nine times 
over the numbers at mile 99, then decreased again at mile 141 
(Figure 1; Appendix A, Table 1; Appendix A) . 
Total biomass of organisms found in the samples stayed 
relatively low until mile 130 where it increased, then decreased 
again at mile 141 (Figure 2; Appendix A). Total biomass of 
benthic organisms increased as we moved up the reservoir. 




than at mile 130 (Figure 2; Appendix A, Table 2; Appendix A). 
Species composition at mile 99 was composed mainly of ( 
ephippia, ostracods, and oligochaetes, composition at mile 110 
was composed of ephippia, oligochaetes, and cyclopoids, 
composition at mile '130 was composed of oligochaetes, daphnia, 
and cyclopoids, composition at mile 141 was composed of 
oligochaetes, ceratopogonidae, and chironomids (Figure 3; 
Appendix B, Table 3; Appendix B). Numbers of just benthic 
organisms were also counted and plotted. Composition at mile 99 
was composed of just oligochaetes and chironomids, composition at 
mile 110 was again, composed of just oligochaetes and 
chironomids, composition at mile 130 was just oligochaetes, 
composition at mile 141 changed dramatically, it was composed of 
oligochaetes, ceratopogonidae, chironomids, and culicidae (Figure 
4; Appendix B, Table 3; Appendix B). 
Biomass composition for mile 99 was composed of ostracods, 
chironomids, and daphnia, composition at mile 110 was mainly 
chironomids and oligochaetes, at mile 130 it was daphnia, 
oligochaetes, and calanoids, at mile 141 it was ceratopogonidae, 
chironomids, and culicidae (Figure 5; Appendix C, Table 4; 
Appendix C). Bioma s s composition for just benthic organisms were 
also plotted. Biomass at mile 99, mile 110, and mile 130 was 
composed of chironomids and oligochaetes, and at mile 141 it was 
composed of ceratopogonidae, chironomids, culicidae, and 





Quantitative knowledge of macro invertebrates is much less 
than that of other organisms such as zooplankton (Kajak et al. 
1980). Most problems occur with sampling techniques and designs. 
Benthic environments and communities are very complex and 
diverse, making it difficult to get accurate and representative 
samples (Kajak et al. 1980). 
For this section, I am only going to refer to the benthic 
organisms that were sampled. I believe that the zooplankton that 
was sampled were captured as the Ponar dredge was being lowered 
into the lake and may not representative of the benthic fauna. 
Oligochaetes and chironomids were both found in mile 99 and 
mile 110. The numbers at mile 99 and mile 110 may have been low 
because two of the samples at each mile were taken in a very 
small rocky substratum, where as the samples taken at mile 130 
were in a muddy, organic substratum. Chironomids were not found 
at mile 130 but this may have been from sampling error in the 
lab. Species numbers and composition changed dramatically at 
mile 141 because the substrate changed dramatically. The 
substrate was composed of mainly CPOM. Algae and other 
epiphytic material are the main foods for many oligochaetes 
(Brinkhurst and Gelder 1991). Since there was not much algae 
found at mile 141, this may explain why oligochaete numbers were 
down dramatically from mile 130. Primary ) roduction work done by 
Ron shows that production is low down reservoir and then starts 
to rise near mile 130 and then drops again near mile 141. 
Benthic organisms follow this same pattern. Ceratopogonidae was 
found at mile 141 and most larvae are carnivores; others are 
herbivores or detritivores (Hilsenhoff 1991). Biomass of 
organisms were high at mile 141, resulting in an abundance of 
food available for the larvae. Culicidae larvae was also found 
at mile 141 and most feed on detritus and microorganisms 
(Hilsenhoff 1991). The substrate at mile 141 was detritus 
material, making food readily available for culicidae larvae. 
Chironomidswerer found throughout the reservoir, except at mile 
130. The feeding habits vary widely and larvae of most species 
are tolerant of low dissolved oxygen levels (Hilsenhoff 1991). 
Although Scott did not find oxygen to be limiting at the time we 
sampled, oxygen may become more limiting during the course of the 
year. 
Biomass steadily increased as we moved up the reservoir. 
Organisms became larger and more abundant. When oligochaetes 
became less abundant at mile 141, other organisms became more 
abundant. Usually the biomass is higher in the littoral than the 
profundal zone (Kajak et ale 1980). However, since Lake Powell 
is a reservoir and is subject to the raising and lowering of lake 
levels, littoral species may not be able adapt to the constant 
changes. This seems evident when you compare Dave's biomass 
numbers in the littoral zone, to my biomass numbers in the 
profundal zone. 
Benthic organisms may be important as a food source for the 
endangered razorback sucker. As I stated before, in a study done 
by Papoulias and Minckley (1992), they found that the first 







also found that as the larval fish grow a little larger, they 
start feeding on small rotifers and chironomids. Knowing the 
abundance and biomass of benthic invertebrates may help determine 
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Table 3 .. Total numbers of organisms per m"2 
Mile 99" numbers! Mile110 numbers! 
" , 
taxa mJ\2 taxa mJ\2 
daphnia 10103.72 daphnia 3674.08 
i bosmina 0.00 bosmina 0.00 ., 
chydorids 0.00 chydorids 0.00 
ostracods 96444.56 ostracods 0.00 ( 
~ ephippia 391289 ephippia 238815.11 
f. calanoid 13777.79 calanoid 0.00 
cyclopoid 0.00 cyclopoid 5511.12 
harpacticoid 0.00 harpacticoid 0.00 
" oligochaet 33066.71 oligochaet 28474.11 
i! chironomid 1645.68 chironomid 95.68 r 
~ 
.~ Mile 130 numbers! Mile 141 numbers! 
taxa mJ\2 taxa mJ\2 
; daphnia 43801.91 daphnia 0.00 ! 
bosmina 0.00 bosmina 0.00 
chydorids 0.00 chydorids 0.00 
ostracods 3674.08 ostracods 0.00 
.J ephippia 0.00 ephippia 0.00 
calanoid 918.52 calanoid 0.00 
cyclopoid 3674.08 cyclopoid 0.00 
harpacticoid 0.00 harpacticoid 0.00 
oligochaet 331892 oligochaet 24800.03 
chironomid 0.00 chironomid 1894.00 
Jl ceratopogonidae 2851 .24 
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·1 APPENDIX C 
" 
f Table 4. Total biomass of organisms per m"2 #1 
Mile 99 biomass! Mile 110 biomass! 
taxa mJ\2 taxa mJ\2 
.-
daphnia 99.23 daphnia 0 ~ ~ f ~ 
~ bosmina 0 bosmina 0 
chydorids 0 chydorids 0 ( ' 
ostracods 4356.49 ostracods 0 
ephippia 0 ephippia 0 
calanoid 62.07 calanoid 0 
cyclopoid 0 cyclopoid 0 
: harpacticoid 0 harpacticoid 0 
oligochaet 57.2 oligochaet 203.72 
chironomid 913.72 chironomid 732.70 
~f 
Mile 130 biomass! Mile 141 biomass! 
taxa mJ\2 taxa mJ\2 
\ daphnia 253907 daphnia 0 
bosmina 0.00 bosmina 0 .. 
t. chydorids 0.00 
chydorids 0 
ostracods 3703.42 ostracods 0 
" ephippia 0.00 ephippia 0 
calanoid 16346.27 calanoid 0 
cyclopoid 703.07 cyclopoid 0 
harpacticoid 0.00 harpacticoid 0 
oligochaet 28691.27 oligochaet 995.00 
chironomid 0.00 chironomid 26288.43 
ceratopogonidae 53096.63 
culicidae 9644.86 
t .. •· 
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THE DISTRIBUTION AND ABUNDANCE OF 
LITTORAL ZONE BENTHIC INVERTEBRATES 









The study presented in this paper addresses the spacial 
distribution and abundance of littoral zone macro-invertebrates 
that are crucial to the survival of larval Razorback Suckers 
(Xyrauchen texanus) in Lake Powell. Nutrient input into the 
reservoir comes primarily from the Colorado River and as noted by 
Gloss, 1980 . the littoral zone contributes very little due to 
the precipitous shoreline. The survival of larval Razorback 
Suckers is dependent on the availability of zooplankton and 
benthic invertebrates in the 7 to 17 days after hatching (D. 
Papoulias). In another study (Papoulias & Minckley 1992) 
Razorback Sucker larvae reared in ponds responded positively to 
high biomass of invertebrates. The Razorback Sucker larvae 
experienced increased growth in response to bio-volume, not 
numbers of organisms. Both studies indicate survival of 
Razorback Sucker larvae are dependent on encountering 
invertebrate prey. However, this dependence leaves the larval 
suckers vulnerable to fish predators . 
Generally, the littoral zone is the most productive portion of a 
body of water (Anderson 1988, Le Cren). The littoral zone is the 
shallow area that delineates the shoreline from the deeper 
pelagic zone. The littoral zone usually has an associated plant 
community and warmer water temperatures createing a diverse 
ecosystem. However, Lake Powell, because of the geology and 
location in high desert, has a limited littoral zone potential 
(Gloss, 1980). In many places shear cliffs make up the 
shoreline. The International Biological Programme has studied a 
variety of freshwater ecosystems around the globe and has noted 
that the littoral zone has less influence than the pelagic zone 
in large deep bodies of water such as Lake Powell (Le Cren, and 
Lowe-McConnell). Lake Powell also lacks shoreline and littoral 
zone vegetation associated with diverse habitat for secondary 
producers. 
The results from this study indicate that the littoral zone 
adjacent to the main channel of Lake Powell does not produce 
large numbers of littoral zone benthic invertebrates. Small 
fragmented beaches without an obvious plant community are 
probably responsible for this small population in the study area. 
Although the sample size was small and only a small portion of 
the reservoir sampled, the data appears to follow an expected 
trend for a lake environment 
2.0 Methods 
The samples were collected over a four day period from April 4 
through April 11, 1994. Due to a limited amount of time to 
collect data, it was important to gain the maximum amount of 
information from a limited number of samples . 
2.1 Area sampled 
The study area consisted of a total of 48 river-miles between 
Bullfrog Marina and Hite Marina. Samples were taken at river-
mile 95 near Bullfrog Marina, river-mile 110, 130 and river-mile 
143 near Hite Marina. 
2.2 Samplinq Technique 
Three replicate samples of a sand/gravel substrate were taken at 
each sample station. Replicate samples were spaced .5 km. or 
more apart. Samples were taken from both sides of the reservoir 
and care was taken in choosing sample substrate that closely 
resembled each other. Each sample was taken at a depth of 14-15 
cm. The substrate was thoroughly stirred within the sample 
square. Samples were taken from within a 4 by 4 square 
decimeter. The sampling square was made of 3/4 inch PVC pipe 
with an inside dimension of 16 square decimeters. Small cuts 
were made in the pipe to allow air to escape and water to enter. 
This kept the sampling square on the substrate. The area within 
the square was thoroughly stirred to dislodge the macro-
invertebrates. No control was used to eliminate sucking in 
zooplankton from outside the sample area. 
A 12 volt, 35.5 liter/minute electric bilge pump was used to 
vacuum the substrate. Material picked up by the suction was 
filtered through a 0.104 mm sieve. This was then carefully washed 
into a 240 ml sample cup. 
2.3 Laboratory procedure 
Each sample was washed from the sieve and placed in a 240 ml cup 
which was filled with ethyl alcohol. In the laboratory, Rose 
Bengal was added to each sample to stain organisms making them 
easier to see. The laboratory procedure consisted of the 
following steps: 
A. Draining of the Rose Bengal and alcohol solution off the 
sample. 
B. Spreading the sample out on an enamel pan and picking out 
the macro-invertebrates. 
c. Placing the macro-invertebrates in a petri dish and then 
observing them under a dissecting microscope to identify 
the organisms as to family. 
D. Returning the unused portion of the sample to a 240 mI. 
container and filling it with de-ionized water. 
E. Removing a 5 ml sub-sample and placing in a petri dish, 
measuring the length of the first 10 organisms of each 
family encountered in micro-units and counting each 
organism after. 
( 
2.4 Accuracy, Precision and Efficiency of sampling Procedure 
Due to the lack of habitat diversity at each sample station, it 
was decided to sample the most abundant suitable habitat 
available which was a sand and gravel substrate. A minimum of 
three samples of each habitat type was taken at each site for a 
total of 13 individual samples. See Table 1 in the appendix for 
description of samples with computed standard deviation and mean 
for each sample site. The samples were analyzed by counting all 
macro-invertebrates in the sample, measuring length and width in 
mm and determining the dry weight biomass. Dry weight biomass 
for Oligochaetes was calculated by using the formula : 
Biomass = 3.14 (d/2)volume = 3.14 (d/2)2 X h. 
Where D= diameter (rom) and h= length (mm). (Wetzel and Likens) . 
For other organisms biomass was calculated using the general 
relationship: 
In W = In a + b In L. 
Where L = Length (rom), W = Dry weight in mg. A 2 and a and bare 
predetermined constants for macro-invertebrates collected from 
Bear Lake, UTe (Wurtsbaugh, Zooplankton in the sample were 
also counted, either directly or using sub-samples to determine 
relative densities. Because the pump sucked in zooplankton from 
outside the sample square this data is of limited usefulness. 
3.0 Results 
Figure 1 in the appendix graphs the relation between dry weight 
biomass of littoral zone macro-invertebrates by river-mile. At 
river mile 95 and 110 the littoral zone was restricted to short 
narrow bands. This area of the reservoir was predominantly 
pelagic zone, with the littoral zone restricted to less than one 
meter. As the data indicate, few littoral zone macro-
invertebrates were found in this region of the reservoir. 
Beginning at river-mile 130,small beaches were formed at the 
mouths of side canyons which provided larger littoral zones. The 
sample at river-mile 130 contained 25% of the total biomass 
collected. At this sample site Oligochaets and Diptera larvae 
were collected. River-mile 143 produced 75% of the macro-
invertebrates from four sample sites. Of the four sample sites, 
three had littoral zones extending 5 to 20 meters from the shore 
line. River mile 143 produced the largest macro-invertebrate 
diversity with two genera of Diptera larvae, Oligochaets, 
Nematoda and a single Plecoptera. Diptera larvae made up 75% of 
the species. Biomass at river mile 130 was predominant Diptera 
larvae (72%) with Oligochaets comprising the remainder. The 
samples from river mile 110 and 95 contained Oligochaets and made 






BIOMASS MEAN STANDARD 
TOTAL 
143 NEMATODA 1.40E-03 .0014 4.5E-13 
1 143 PLECOPTERA 0.7 0.7 0 







CIRONOMID 8.01 0.616 0.546 14 
OLIGOCHAET 5.66 0.098 0.087 
CIRONOMID 3.38 0.554 0.681 7 
OLIGOCHAET 1.38 0.177 0.357 
OLIGOCHAET .02 0.012 0.003 







Zooplankton collected in the samples could not be converted to 
biomass due to the lack of control over what was being pulled in 
from outside the sampling square. However estimates were made of 
the number and taxa of zooplankton collected at the four main 
sampling stations. While the zooplankton data is of limited 
value,the graph of zooplankton collected per river-mile (Figure 
2) follows the trend seen in the pelagic zooplankton samples. 
4.0 Discussion 
The results from this study indicate that the main channel of 
Lake Powell does not produce large numbers of littoral zone 
benthic invertebrates. Small fragmented littoral zones are 
probably responsible for this small population in the reservoir. 
At the time of this study inflow from the Colorado River had been 
stable for several weeks, reducing sediment and nutrient influx. 
As reservoir levels change the habitat available to macro-
invertebrates also changes. As the data indicate, the lower 
portion of the reservoir produce few macro-invertebrates. This is 
probably due to a lack of large shallow littoral zones and an 
absence of organic detritus as a food source. The upper portion 
of the reservoir is influenced more by the inflowing Colorado 
River and more gently sloping shoreline of the reservoir. These 
factors combine to produce habitat more suitable for macro-
invertebrates. 
This unstable environment, from fluctuating water levels, would 
make it difficult to increase or even predict population 
densities of littoral zone benthic invertebrates. Information 
collected on profundal zone benthic invertebrates would indicate 
that biomass is greater in the deeper parts of the reservoir. 
One possible reason for this is the stability of the environment 
in the profundal as opposed to the littoral zone. Oxygen and 
light penetration measurements taken during the study show that 
these elements are favorable to profundal benthos. 
Although the sample size was small and only a small portion of 
the reservoir sampled, the data appears to follow an expected 
trend for a lake environment. 
\ I 
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Dave Fogle 
FW462 
Spring 1994 Lake Powell Project 
Littoral Zone Benthic Invertebrates 
Macro-I nvertebrates 
RIVER SAMPLE length width magnif length 
MILE NUMBER micro units micro unit factor (mm) 
143 2 10 7 1.43 
143 2 9 7 1.29 
143 2 11 7 1.57 
143 4 38 7 5.43 
143 2 20 7 2.86 
143 3 130 20 6.50 
143 3 70 20 3.50 
143 3 130 20 6.50 
143 3 75 20 3.75 
143 1 25 10 2.50 
143 2 25 7 3.57 
143 3 120 20 6.00 
143 2 22 7 3.14 
143 2 16 7 2.29 
143 3 70 20 3.50 
143 3 130 20 6.50 
143 3 180 20 9.00 
143 3 79 20 3.95 
143 3 48 20 2.40 
143 3 130 20 6.50 
143 3 120 20 6.00 
143 4 53 7 7.57 
143 3 70 20 3.50 
143 3 50 20 2.50 
143 4 49 7 7.00 
143 4 68 7 9.71 
143 4 50 7 7.14 
143 4 20 7 2.86 
143 4 65 7 9.29 
143 4 61 7 8.71 
143 4 27 7 3.86 
= ."""""""..... • ~ 




1.40E-03 0.0014 4.5E-13 Nematoda TOTAL 0.0042 
0.70 0.7 Plecoptera 
0.07 0.31 0.29 Ceratopogonidae 
0.51 Ceratopogonidae 
0.11 Ceratopogonidae 













0.42 Ceratopogonidae TOTAL 4.37 











143 3 90 20 4.50 0.21 Cironomid 
143 1 60 20 3.00 0.08 Cironomid 
143 2 50 7 7.14 0.64 Cironomid 
143 4 75 7 10.71 1.72 Cironomid TOTAL 8.01 
143 4 11 2 7 1.57 0.29 0.10 0.10 0.09 Oligochaet 
143 4 20 2 7 2.86 0.29 0.18 Oligochaet 
143 4 16 2 7 2.29 0.29 0.15 Oligochaet 
143 3 40 5 20 2.00 0.25 0.10 Oligochaet 
143 3 60 3 20 3.00 0.15 0.05 Oligochaet 
143 4 21 2 7 3.00 0.29 0.19 Oligochaet 
143 4 10 2 7 1.43 0.29 0.09 Oligochaet 
143 4 23 2 7 3.29 0.29 0.21 Oligochaet 
143 4 20 2 7 2.86 0.29 0.18 Oligochaet 
143 4 16 2 7 2.29 0.29 0.15 Oligochaet 
143 4 13 2 7 1.86 0.29 0.12 Oligochaet 
143 4 13 2 7 1.86 0.29 0.12 Oligochaet 
143 4 23 2 7 3.29 0.29 0.21 Oligochaet 
143 4 12 2 7 1.71 0.29 0.11 Oligochaet 
143 3 50 5 20 2.50 0.25 0.12 Oligochaet 
143 3 40 3 20 2.00 0.15 0.04 Oligochaet 
143 4 21 2 7 3.00 0.29 0.19 Oligochaet 
143 4 19 2 7 2.71 0.29 0.17 Oligochaet 
143 3 35 4 20 1.75 0.20 0.05 Oligochaet 
143 3 40 4 20 2.00 0.20 0.06 Oligochaet 
143 3 110 7 20 5.50 0.35 0.53 Oligochaet 
143 3 60 6 20 3.00 0.30 0.21 Oligochaet 
143 3 20 2 20 1.00 0.10 0.01 Oligochaet 
143 3 35 1 20 1.75 0.05 0.00 Oligochaet 
143 3 60 4 20 3.00 0.20 0.09 Oligochaet 
143 3 40 3 20 2.00 0.15 0.04 Oligochaet 
143 3 40 2 20 2.00 0.10 0.02 Oligochaet 
143 3 25 2 20 1.25 0.10 0.01 Ol igochaet 
143 3 20 2 20 1.00 0.10 0.01 Oligochaet 
143 3 25 2 20 1.25 0.10 0.01 Oligochaet 
143 2 15 2 7 2.14 0.29 0.14 Oligochaet 
143 1 20 2 10 2.00 0.20 0.06 Oligochaet 
143 3 30 2 20 1.50 0.10 0.01 Oligochaet 
143 1 30 2 10 3.00 0.20 0.09 Oligochaet 
143 2 13 2 7 1.86 0.21 0.07 Oligochaet 
143 2 5 1 7 0.71 0.14 0.01 Oligochaet 
143 3 25 1 20 1.25 0.05 0.00 Oligochaet 
143. ' -·3 30 1 20 _. 1.50 0.05 0.00 Oligochaet 
143 3 40 5 20 2.00 0.25 0.10 Oligochaet 
143 3 30 2 20 1.50 0.10 0.01 Oligochaet 
143 3 30 1 20 1.50 0.05 0.00 Oligochaet 
143 3 40 7 20 2.00 0.35 0.19 Oligochaet 
143 1 20 2 10 2.00 0.20 0.06 Oligochaet 
143 4 13 2 7 1.86 0.29 0.12 Oligochaet 
143 4 8 2 7 1.14 0.29 0.07 Oligochaet 
143 3 40 2 20 2.00 0.10 0.02 Oligochaet 
143 4 20 2 7 2.86 0.29 0.18 Oligochaet 
143 4 20 2 7 2.86 0.29 0.18 Oligochaet 
143 4 9 2 7 1.29 0.29 0.08 Oligochaet 
143 4 17 2 7 2.43 0.29 0.16 Oligochaet 
143 1 20 2 10 2.00 0.20 0.06 Oligochaet 
143 1 15 2 10 1.50 0.20 0.05 Oligochaet 
143 1 25 2 10 2.50 0.20 0.08 Oligochaet 
143 1 35 2 10 3.50 0.20 0.11 Oligochaet 
143 1 18 2 10 1.80 0.20 0.06 Oligochaet TOTAL 5.66 
143 1 25 2 10 2.50 0.20 0.08 Oligochaet 
130 3 20 10 2.00 0.03 0.55 0.68 Cironomid 
130 3 100 10 10.00 1.45 Cironomid 
130 3 20 10 2.00 0.03 Cironomid 
130 3 80 10 8.00 0.85 Cironomid 
130 2 42 15 2.80 0.07 Cironomid 
130 2 10 15 0.67 0.00 Cironomid 
130 3 100 10 10.00 1.45 Cironomid TOTAL 3.38 
130 3 20 2 10 2.00 0.20 0.06 0.01 0.00 Oligochaet 
130 3 8 1 10 0.80 0.10 0.01 Oligochaet 
130 3 10 1 10 1.00 0.10 0.01 Oligochaet 
130 3 7 1 10 0.70 0.10 0.01 Oligochaet 
130 3 15 1 10 1.50 0.10 0.01 Oligochaet TOTAL 1.38 
130 3 11 2 10 1.10 0.15 0.02 Oligochaet 4.76 
130 3 15 2 10 1.50 0.20 0.05 Oligochaet 
130 3 100 4 10 10.00 0.40 1.26 Oligochaet 
110 25 2 20 1.25 0.10 0.01 0.01 0.00 Oligochaet 
110 35 2 20 1.75 0.10 0.01 Oligochaet TOTAL 0.02 
-95 2 50 2 20 2.50 0.10 0.02 Oligochaet 
95 2 '. - --' 55 . 2 20 2.75 0~10 0.02 · 0.02 0.00 Oligochaet TOTAL .\. 0.04 
BIOMASS 
mile nematode plecop ceratop ciron oligo 
143 0.0042 0.7 2 8.01 5.66 




RIVER SAMPLE TAXA 
MILE NUMBER daphnia bosmina ostraco ephippi calanoi cyclopoid harpactic TOTAL 
143 4 912 912 
143 3 25 3 6 3 37 
143 2 14 5 19 2 41 
143 1 19 18 2 39 
STD 420.8 8 0.5 0.5 0.5 
AVG 317 11 5.5 18.5 2.3 144 
130 16 3 32 32 32 32 32 
130 2 3 28 1 180 
130 30 75 75 650 
AVG 16.3 3 32 32 51.5 53.5 16.5 287.3 
STD 11 .0 23.5 21.5 15.5 
110 203 19 445 2 5292 
110 348 4896 48 1729 
110 864 1 672 192 200 
AVG 471.7 10 2004.3 80.7 2407 
STD 283.7 9 2046.8 80.9 
95 3 8 8 8 176 1152 
95 2 32 1120 
AVG 107.9 8.5 8 1114.3 1152 
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Limnological Analyses of Lake Powell, Utah-Arizona, U.S.A. 
Abstract : Physical, chemical, and biological analyses of the main 
channel of Lake Powell was carried in the spring of 1994, to 
test the existence of a trophic gradient from inflow to dam. The 
analyzed features were: Chlorophyll A, Phosphorus content, Sechy 
depth, Dissolved oxygen, temperature, zooplankton abundance, 
(littoral and pelagic), benthic invertebrates ( littoral & 
profundal) and fish density ( gill netting (piscivore) and 
Hydroacustic). This paper focused in the analyses of the 
hydroacustic data collected on the pelagic area of the lake, 
alongside the main channel of the reservoir. A trophic gradient 
was indeed observed, with higher fish biomass being detected near 
the Colorado river inlet to the lake. 
I-INTRODUCTION 
The second largest reservoir in the U.S., Lake Powell was 
created by the impoundment of the Colorado river by the Glen 
Canyon Dam. Completed in 1963 for power generation and irrigation 
the Dam inundated app. 300 KM of the former Colorado river. with 
the impoundment of the river, the aquatic habitat underwent 
dramatic changes greatly impacting its endemic fish population. 
with the impoundment and due to its morphology, the nutrient 
dynamics in the reservoir became dependent on the inflow of the 
Colorado and San Juan Rivers which provides 96% of the 
reservoirs' water (Ions et al 1965, as cited in Gloss & Kidd 
1980). The sheer cliffs that characterize most of Powell's 
littoral, associated with the haline characteristic of the 
reservoir, impede complete vertical mixing of the water in the 
lake. A large, permanent hypolimnion is then formed in the lake 
therefore preventing nutrient mixing into the metalimnion 
(Gloss,1980) . 
The fact that the system greatly depends on the inflow of 
the Colorado river for nutrient, allow for one to hypothesize the 
existence of a gradient in the nutrient level and related 
biological parameters along the main axis of the reservoir. 
Larger nutrient loads and consequently biomass near the inflow, 
would be expected as opposed to smaller loads observed near the 
dam. 
To verify the existence of a trophic gradient alongside the 
main channel of the reservoir, several aspects of the Lakes' 
limnology were analyzed. Phosphorus, Chlorophyll A, Sechy depth, 
dissolved oxygen, littoral and pelagic zooplankton, profundal and 
litoraneous benthic invertebrates, fish biomass and stomach 
content by use of gill netting, and pelagic biomass through 
Hydroacustic survey. Hydroacustics have been utilized as a tool 
in the assessment of fish biomass in large body of water since 
the 1930's (Thorne,1972). Despite some limitations hydroacustics 
have proved to be a valuable tool in assessing pelagic fish 
biomass. Hydroacustic assessment of biomass in lake Powell, and 
f' 
( I 
the possible existence of a trophic gradient is the topic of this 
report. 
II-METHODS 
A Biosonics model 105 echosounder was utilized to asses fish 
biomass. Estimation of size of targets was possible thanks to a 
420-kHZ dual-beam transducer with which the echo sounder was 
fitted. Samples were taken in a rate of two pings per second and 
boat speed was of 1-2 m/s. Data was stored in a computer file 
and later analyzed. Target strengths ranged from -79 to 
-21db, which corresponds to target sizes from .17 to 187.17 em in 
length. Several runs were made at the study sites in a zig-zag 
pattern across the main channel, and each run was utilized as a 
subsample for statistical analyzes of the biomass per class size 
at each sampling location. Samples were taken between 22:00 and 
02:00 hours when schooling fish is more likely to disperse and 
benthic fish is likely to move up the water column, making 
detection easier. Samples were collected at the following 
locations in the main channel: Mile 89, mile 130, mile 137 and 
mile 141. These locations are measured as miles upstream from the 
Glen Canyon Dam, and were obtained by observance of demarcation 
buoys anchored in the main channel. 
The collected data was latter entered in a spread sheet 
(quatro-Pro, windows) and analyzed. Target size, calculated 
according with the love equation (apend.l) , was then divided into 
three classes and graphed accordingly, throughout the studied 
areas. Mean and standard error were obtained for each class size 
and location by utilizing the analytical features of quatro-pro. 
III-RESULTS 
Density of small targets (.17 to 1.5 cm) was larger (mean = 
11.072 / 10 A 5 X mA 3 ) at mile 99 with the exception to mile 141 
were mean density was of the order of 210 / 10 A5 X mA 3, and mile 
137 were densities were slightly higher than densities at mile 99 
(15.5 /10A5 mA 3) (graph 1, table 1). Densities were similarly low 
for small targets for mile 110 (1.59 / 10 A 5 X mA 3) and 130 (2.60 
/10 A 5 X mA 3). It slightly increased in mile 137 and dramatically 
augmented in mile 141 . 
Medium targets (1.9 to 5.0 cm) followed a pattern similar to 
small targets, but it was evenly distributed throughout the lower 
reaches of the reservoir (.37 / 10 A 5 X mA3), showing a light 
increase in density at mile 137 ( 3.07/ 10 A 5 mA 3)and dramatically 
increasing at mile 141 (232 / 10 A 5 m ~ 3), (graph 2, table 1). 
Unlike the densities of small targets which were slightly higher 
at mile 99 than at mile 110 and 130, densities of medium target 
were similar for mile 99 and 110, showing a moderate increase for 
mile 130 (3.07 / 10 A 5 X mA 3). 
Large targets (6.4 to 187.17 cm) densities followed an 
almost identical pattern as medium targets. Densities were evenly 
low at mile 99 and 110, (.77 / 10 A 5 X mA3) and (.561/10 A 5 X mA 3) 
respectively, showing a moderate increase in density at mile 130 
(3.43 / 10 A 5 X mA 3) and a very large increase at mile 141 (173 / 
10 A 5 mA 3) (graph 3). 





different sampling sites reflects the densities above. Numbers 
increased slightly from mile 99 to 130, moderately at mile 137 
and greatly at mile 141 (graph 4, table 2). 
IV-DISCUSSION 
The observed trend in the Hydroacustics data strongly 
suggests a trophic gradient along the main channel of lake 
Powell. Gascon and Legget (1977) observed a similar pattern in 
the trophic gradient of Lake Menphremagog. The abruptiones of the 
increase in biomass from mile 137 to mile 141, as compared to the 
data collected in the 1992 FW 462 field trip, could be explained 
by the low flow levels of the Colorado during the 1994 trip. 
Higher flows is likely to take the incoming nutrients further 
down stream, providing for a more evenly distributed increase in 
productivity throughout the middle and upper reaches of the 
reservoir, as observed in the 1992 trip. The low flows therefore 
low water velocity, on the other extreme, most likely deposited 
most of its incoming nutrients at or near the inlet location, 
accounting for the extreme increase in biomass throughout the 
last few upper miles of the reservoir. Interesting to note is the 
relatively high numbers of small targets, maybe plankton, 
observed at mile 99 (graph 4) and the almost absence of the other 
class targets. This relatively high number of targets could be a 
result of a secondary inflow or maybe a result of reduced 
predation, by the absence of predators. Also referring to the 
number of small targets, it is interesting to note its lower 
abundances as related to medium targets at mile 141. The small 
targets which could include plankton should shown much greater 
abundance than the other class sizes. The relatively small 
abundances of the small class size as opposed to the would-be 
expected higher numbers can be explained by the nature o f the 
hydroacustics analyzes. Whenever the ecosounder detects two small 
targets that are near each other, it either record them as one or 
it totally ignores the target. This is specially true of targets 
close together but at slightly different depths. By either 
ignoring or counting two as one the ecosounder could 
underestimate the abundances of small targets (Dr W. 
Wurtrhsbaugh,personal comunication). 
The relevance of the hydroacustics results for the endemic 
endangered species, is mixed. At the upper end of the reservoir, 
near mile 141, conditions more closely resemble the original 
habitat conditions to which the endemic species evolved. The 
semi-riverine or lotic habitat encoutered near Hite could provide 
habitat for larvae and young of the razorback sucker ( Xyrauchen 
texanus ) our species of interest. Larvae of this species could 
drift into the reservoir at that location. By having a large 
number of targets near the inlets, one could infer that many of 
these targets could be potential predators, therefore increasing 
risk of predation for the larvae/young of the sucker. Indded 
striped-bass (Morone sax atilis ) , a exotic species present in the 
Lake, have shown to prey in the sucker larvae (Marsh & Broks, 
1989). Ictalurid catfishes also have shown to prey in the larvae 
(marsh and brooks, 1989) and are also present in the reservoir. 





Assuming predation as one of the main causes for the observed 
failure in recruitment of the razorback, and observing the 
dramatic change in the local habitat, specialy the littoral, one 
could speculate at the importance of refuge habitat for the 
larvae as a mean to improve razor-back sucker recruitment. 
I thank Dr. Wayne Wurthbaugh for providing the data from the 
hydroacustics survey, and apologize for the shortcomings of this 
report, prepared in a relatively short peri~d of time. My 
original research proposal and experiment related to the capture 
J 
and study of the sucker larvae, in which most of my research time 
was spent. 
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data for graph (number of targets) al sites. 
X axis plankton small fish large fish 
mile -se mean +se -se mean +se -se mean +se 
99 4.840016 6.222222 7.604428 0.528595 1 1.471405 1.920779 3.888889 5.856999 
110 15.49139 18.4 21 .30861 3.051317 4 4.948683 5.105573 6 6.894427 
130 15.45441 24.8 34 .14559 17.72088 30 .4 43.07912 20 .07254 35 .2 50.32746 
137 19 26 33 15.91833 18 20 .08167 15.96678 21 26.03322 
dl j$Q 46.43655 53.16667 59 .89678 54 .91477 72 .16667 89.41856 48.41877 58 67 .58123 
, 
data for graphics (density per cubic meter x e5) all sites 
x axis plankton small fish large fish 
mile -se mean +se -se mean +se -se mean +se 
99 6.872185 11 .07278 15.27337 0.138809 0.307157 0.475506 0.372324 0.771177 1.17003 
110 1.441662 1.592272 1.742882 0.297519 0.370003 0.442487 0.47844 0.561725 0.64501 
130 2.067688 2.604728 3.141767 2.056445 3.078969 4.101493 2.08287 3.438304 4.793737 
137 12.54288 15.55507 18.56726 10.63655 11 .2372 11 .83785 8.960583 14.24106 19.52154 
1 ~1 'tSQ 135.9917 215.892 295.7923' 165.592 232.142 298 .6919 137.5131 173.4661 209.419 
285 
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Density of small targets 
(.17cm to 1.5cm) per 10A5 xm A3 
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density of medium target 
1.9cm to 5cm 
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density of large targets 
(6.4 em to 187.17 em) 
220 ~---------------------------
c;) ~ ~~ t :. ·:: :1 
< E 145 ..................... ................... .................................................. ...... ......... ............... .. .............................. .. .......... .. ........ .... . 
'-"" 




~ 70 ................................ .. ............................... ................................................ .... ........... ......................................................... ...... .. ··1 
~ 45 
20 
-5 -+------+----+-------+--+------+------ --'-------+-·r ---r-~ 
90 100 110 120 130 140 
mile upstream from G. C. dam 
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# of target per hect. L. Powell 
Hydroacustics Fw 462 1994 
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99 110 130 137 141 
mile upstream from the dam 
• Targ. (.17cm to1.5cm) .• targ.(1.9 cm to 5cm) 
' . 
• 6.4cm to 187.17cm 
Love equation 
length (em)=10"«target (-db)-64.4)/19.1) 
from (em) to (em) 
plankton 0.172029 1.506643 
small fish 1.917443 5.030031 
large fish 6.401514 187.1765 
( 
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